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ABSTRACT
R e c e n t t r e n d s  in  b a g a s s e  p u lp in g  a r e  to w a rd  th e  d e v e lo p m e n t of 
te c h n iq u e s  w h ich  g iv e  h ig h -y ie ld  s h o r t  t im e  c o o k s . T h e se  a r e  s o m e ­
t im e s  a id e d  by m e c h a n ic a l  a c tio n ; i . e . , m e c h a n o -c h e m ic a l  p r o c e s s ,  
c o n tin u o u s  d ig e s te r .  T h u s , the te n d en cy  is  to w a rd s  s e m i- c h e m ic a l  
p u lp in g  b e c a u s e  of i ts  in e x p e n s iv e n e s s  an d  e a s e  of c o n tro l .
M e c h a n ic a l d ep ith in g  m e th o d s  h a v e  b e e n  d e v e lo p e d  w h ich  p e r m i t  
th e  r e m o v a l  of s u b s ta n t ia l ly  a l l  of the  e x tra n e o u s  m a te r ia l  p r e s e n t  in  
b a g a s s e ,  p lu s  a  c o n s id e ra b le  a m o u n t of th e  u n d e s ir a b le  p ith  an d  f in e s  
on a  co n tin u o u s  and  e c o n o m ic  b a s is .
The e f fe c ts  of u n r e s t r i c t e d  m ic r o b ia l  a t ta c k , a s  o c c u rs  d u r in g  
u n p ro te c te d  s to r a g e ,  on d if f e r e n t  ty p e s  of d e p ith e d  f ib e r ,  c o n ta in in g  
v a r io u s  d e g re e s  of m o is tu r e  h av e  b een  s tu d ie d  in  th is  d i s s e r ta t io n  v ia  
p u lp in g  of b a g a s s e .  R e s u l ts  in d ic a te  th a t  f r e s h  d e p ith e d  f ib e r  is  s u p e r io r  
to  f r e s h  ra w  b a g a s s e .  T he m o re  c o m p le te  d e p ith in g  s y s te m s ,  p r o d u c ­
ing  w e t d e p ith e d  f ib e r ,  le a d  to g r e a t  im p ro v e m e n t in  p u lp  p r o p e r t i e s .
T he d e g re e  of d e te r io r a t io n  d u r in g  s to r a g e  w as  found  to  d im in is h  
w ith  in c r e a s in g  a m o u n ts  of p ith  r e m o v a l  an d  w ith  d e c re a s in g  o r ig in a l  
m o is tu r e  co n te n t of th e  s to r e d  f ib e r .  T h e  l e a s t  d e te r io r a t io n  o c c u r r e d  
on  w e t d e p ith e d  f ib e r  s to r e d  w ith  an  o r ig in a l  m o is tu r e  c o n te n t of l e s s
v iii
th an  20%. D e te r io r a t io n  of ra w  b a g a s s e  o r  d e p ith e d  f ib e r  s to r e d  w ith  
an  o r ig in a l  m o is tu r e  c o n te n t of l e s s  th a n  20%, w as  a ls o  found  to  be 
n e g lig ib le .
T he e f fe c t  of s to r a g e  on th e  e c o n o m ic s  of b a g a s s e  a s  a  ra w  
m a te r ia l  f o r  the  p ro d u c tio n  of p u lp  and  p a p e r  w as a ls o  s tu d ie d . R e s u lts  
in d ic a te  th a t  s u b s ta n t ia l  s a v in g s  c an  be  e ffe c te d  by d ep ith in g  an d  th a t  
the  in c r e a s e  in  c o s ts  w h ich  r e s u l t  f ro m  s to r a g e  of the  f ib e r  c a n  be 
re d u c e d  by d e p ith in g  an d  ev en  e lim in a te d  if  d e p ith in g  is  co n d u c ted  by 
the  w e t  s y s te m .
INTRODUCTION
T h e  m a n u fa c tu re  of can e  s u g a r  d a te s  b a c k  s e v e r a l  h u n d re d  
y e a r s .  B a g a s s e ,  the  f ib ro u s  r e s id u e  f ro m  th e  g rin d in g  o p e ra t io n  h as  
b e e n  u s e d  s u c c e s s fu l ly  a s  a  low  g ra d e  fu e l .  F a c to r ie s  u s u a lly  p ro d u c e  
m o re  s te a m  th a n  is  r e q u i r e d  fo r  th e  o p e ra tio n  of the  s u g a r  m i l l  b e c a u s e  
of th e  e x c e s s  b a g a s s e .  B e c a u se  of th is ,  th e  fu rn a c e s  a r e  u s u a lly  
o p e ra te d  a t  low  e f f ic ie n c e s .
T he s u g a r  in d u s try  in  m an y  a r e a s  is  e x c ee d in g ly  c o m p e titiv e  
an d  th e  m a r g in  of p r o f i t  is . lo w . P r o f i ta b le  u t i l iz a t io n  of b a g a s s e ,  a  
b y -p ro d u c t  of th e  in d u s try  w ould  im p ro v e  i ts  f in a n c ia l  p o s it io n  and  
p ro v id e  m o re  in c o m e  fo r  s u g a r  c an e  a r e a s .
B a g a s s e  is  p ro d u c e d  a n n u a lly  a t  a  r a t e  of ab o u t 30, 000, 000 to n s
B . D . , on a  w o r ld  w id e  b a s is .  T he p o s s ib i l i ty  of c o m m e rc ia l  u t i l iz a t io n  
of th is  p o te n t ia l  r a w  m a te r ia l  h as  b ee n  found v e ry  a t t r a c t iv e  o v e r  the  
p a s t  o n e -h u n d re d  y e a r s .  A  c o n s id e ra b le  am o u n t .of e f fo r t  h a s  b een  
e x p en d ed  in  th e  d e v e lo p m e n t of m e th o d s  and  p r o c e s s e s  of c o n v e r tin g  
b a g a s s e  in to  so m e  m a r k e ta b le  p ro d u c t.  One a r e a  in  w h ich  p r o g r e s s  
h a s  b e e n  q u ite  s u b s ta n t ia l  h a s  b e en  in  th e  p ro d u c tio n  of b o a rd  and  p a p e r  
f ro m  b a g a s s e .
T h e re  h av e  b e e n  a  g r e a t  m an y  c o m m e r c ia l  v e n tu re s  in to  the
p ro d u c tio n  of b o a rd  and  p a p e r  f ro m  b a g a s s e .  A t f i r s t  m an y  of th e s e
1
2fa i le d . T h is  w as due to a  la c k  of a p p re c ia t io n  of th e  eco n o m ic  a n d  
te c h n o lo g ic a l f a c to r s  in v o lv ed . M isc o n c e p tio n s  in  e s t im a tin g  ra w  
m a te r ia l  an d  h a n d lin g  c o s ts ,  im p ro p e r  s to ra g e ,  in e f f ic ie n t p la n t  s iz e ,  
and  te c h n ic a l  f a c to r s  r e la t in g  to the ra w  m a te r ia l  i t s e l f ,  h av e  b e e n  the  
c a u s e  of th e s e  f a i lu r e s .
O v e r th e  y e a r s  m an y  of th e s e  d if f ic u lt ie s  h a v e  b e e n  s u rm o u n te d  
and  i n t e r e s t  in  the  m a n u fa c tu re  of pu lp  f ro m  b a g a s s e  h a s  in c r e a s e d .  
T h is  h a s  b e e n  e s p e c ia l ly  t ru e  in  the  p a s t  d e c a d e . In  th is  c o u n try  th e  
C e lo te x  C o rp o ra t io n  and  th e  V a len tin e  P u lp  and  P a p e r  C o. e x e m p lify  
s u c c e s s fu l  c o n v e rs io n  of b a g a s s e  in to  b o a rd  and  p a p e r .  On a w o r ld  
w ide b a s is ,  th e r e  a r e  p r e s e n t ly  so m e  25 f a c to r ie s  p ro d u c in g  b o a rd  o r 
p a p e r  f ro m  b a g a s s e .
T h ro u g h  th e  r e s e a r c h  and  in v e s tig a tio n  of n u m e ro u s  o r g a n iz a ­
t io n s  an d  w o rk e rs  the  fo llo w in g  b a s ic  f a c ts  h av e  b e e n  e s ta b l is h e d  a s  
r e g a r d  u t i l iz a t io n  of b a g a s s e  fo r  pu lp  and  p a p e r .
1. E x c e p t fo r  u s e  in  w a ll b o a rd , c o r ru g a t io n , e t c . ,  i t  is
e s s e n t ia l  to  s e p a ra te  the  p ith  f ro m  the f ib e r  to  p ro d u c e  
a  h ig h  g ra d e  p ro d u c t.
2. P i th  f r e e  f ib e r  is  an  e x c e l le n t  ra w  m a te r ia l  f o r  th e  p r o d u c ­
tio n  of p u lp  and  p a p e r .
3. D ep ith ed  f ib e r  c a n  be c o n v e r te d  in to  pu lp  by any  of th e  
o rd in a ry  p u lp in g  p r o c e s s e s  in  w e ll know n m o d if ic a tio n s .
4 . Y ie ld  and  p u lp  q u a lity  a r e  s u b s ta n tia lly  h ig h e r  w ith  th e
3d ep ith ed  f ib e r .
5. The ch o ice  of th e  p r o c e s s  to  be  u s e d  d e p e n d s  la r g e ly  
on the  e c o n o m ic s  of th e  c a s e  a t  h an d .
S ince th e  key to  th e  s u c c e s s fu l  p u lp in g  of b a g a s s e  l ie s  in  an  
e f f ic ie n t c o m m e rc ia l  m e th o d  of s e p a ra t in g  th e  p i th  f ro m  th e  f ib e r ,  a  
c o n s id e ra b le  am o u n t of w o rk  h a s  b e e n  d one  in  th is  a r e a .  S e v e r a l  o r g a n ­
iz a t io n s  have p a te n te d  m e th o d s  of d e p ith in g  b a g a s s e .
B e c au se  of th e  im p o r ta n c e  of s u g a r  c a n e  to  the eco n o m y  of 
L o u is ia n a , the C h e m ic a l E n g in e e r in g  D e p a r tm e n t  o f L o u is ia n a  S ta te  
U n iv e rs i ty  w as e n tru s te d  so m e  te n  y e a r s  ago  w ith  a  s tu d y  of th e  d e p i th ­
ing o p e ra tio n  on su g a r  can e  b a g a s s e .  T h is  r e s u l t e d  in  th e  d e v e lo p m e n t 
of th e  H o rk e l D e p ith e r  (55)-.-
W ork w ith  the  H o rk e l D ep ith ing  S y s te m  s u b s ta n t ia te s  th e  s t a t e ­
m e n t m a d e  p re v io u s ly  c o n c e rn in g  th e  n o n - d e s i r a b i l i ty  of p i th  a s  r e g a r d s  
pu lp  y ie ld s  and q u a lity .
T he s to ra g e  of the  b a g a s s e  r a w  m a t e r i a l  a t  the  p u lp  f a c to ry  h a s  
p r e s e n te d  m any  p ro b le m s  in  the  p a s t .  T h e se  a r i s e  f ro m  th e  f a c t  th a t  
the  r e s id u a l  s u c ro s e  in  the  b a g a s se  f e r m e n ts  and  th e  a c id  p ro d u c e d  
a t ta c k s  the  c e llu lo se  p r e s e n t  in  b a g a s s e .  C e lo te x  C o rp o ra t io n  d e v is e d  
a  m e th o d  of p r e s e r v a t io n  d u r in g  s to r a g e  w h ich  if  p r o p e r ly  a p p lie d  r e ­
d u c es  lo s s e s  to  10% by w e ig h t.
T he c o s t  of b a g a s s e  a s  a  ra w  m a t e r i a l  p la y s  an  im p o r ta n t  p a r t
4in  th e  e c o n o m ic s  of th e  m a n u fa c tu r in g  p r o c e s s .  In  a d d itio n  to  the  b a s ic  
c o s t ,  w h ich  is  b a s e d  on th e  r e p la c e m e n t  c o s t  of b a g a s s e  by a n o th e r  
fu e l ,  o th e r  i te m s  m u s t  be in c lu d e d  in  th e  fu e l c o s t  v a lu e . A m ong 
th e s e  a r e ,  b a lin g  and  s ta c k in g  c o s ts ,  t r a n s p o r ta t io n  and  d e p re c ia t io n  
c o s ts  an d  the  c o s t  of in s u r a n c e .
The p o s s ib i l i ty  of r e d u c in g , th ro u g h  the  e l im in a tio n  of th e  p ith  
f r a c t io n ,  of so m e  of th e s e  c o s t  i te m s  w ou ld  im p ro v e  th e  f in a n c ia l  
p o s it io n  of th e  m a n u f a c tu re r s  of pu lp  f ro m  b a g a s s e .
T h is  d i s s e r ta t io n  is  a  s tu d y  of the b e h a v io r  of b a g a s s e ,  w hole 
and  d e p ith e d , d u r in g  s to r a g e ,  an d  th e  e f fe c ts  of th is  b e h a v io r  on the 
r e s u l t in g  pu lp  y ie ld  a n d  p u lp  q u a lity . T he u l t im a te  a im  of th is  s tudy  
is  a n  eco n o m ic  e v a lu a tio n  of th e  sa v in g s  in  th e  c o s t  of b a g a s s e  of 
s to r a g e  a t  th e  pu lp  m i l l  of d e p ith e d  f ib e r .
C H A P T E R  I
I. BAGASSE AS RAW M A T E R IA L  F O R  
P U L P  AND P A P E R
A . E a r ly  E v id e n c e  of B a g a s s e  U til iz a tio n
The u t i l iz a t io n  of s u g a r  c an e  b a g a s s e  a s  a  r a w  m a t e r i a l  f o r  the  
p ro d u c tio n  of p u lp  an d  p a p e r  h a s  a t t r a c te d  c o n s id e ra b le  a t te n tio n  fo r  th e  
p a s t  c e n tu ry . E v id e n c e  of th is  i n t e r e s t  c an  b e  found in  th e  n u m e ro u s  
p a te n ts  an d  r e p o r t s  a v a i la b le  on th e  c o n v e rs io n  of b a g a s s e  in to  p a p e r s ,  
p u lp s  an d  b o a rd , (89* 123, 132, 146).
T he d a te  of the  f i r s t  r e p o r te d  u s e  of s u g a r  c a n e  fo r  p a p e r  s to c k  
w as ab o u t 1844, w hen  so m e  b a g a s s e  w as  sh ip p e d  to F r a n c e  f ro m  the 
I s la n d  of M a rtin iq u e , a lth o u g h  one p ro p o s e d  p r o c e s s  f o r  i t s  u se  d a te s  
b a c k  to  1838, (18). M any s p e c if ic  e x a m p le s  of e a r ly  p ro m o tio n a l  e f fo r ts  
an d  of m il ls  a c tu a l ly  b u i l t  h a v e  b e e n  d e s c r ib e d  in  th e  l i t e r a t u r e  (16 , 146). 
A n  a n a ly s is  of th e s e  m a n y  h i s to r i c a l  a t te m p ts  to  u t i l iz e  b a g a s s e  fo r  
m a n u fa c tu re  of p u lp  an d  p a p e r - - u p  to ab o u t 1 9 3 9 - - r e v e a l s  th e  f a c t  th a t 
th e  only  s u c c e s s fu l  c o m m e r c ia l  e n te r p r i s e s  e s ta b l i s h e d  w e re  th e  w a ll-  
b o a rd  m i l l s .  Up u n ti l  1939, a l l  o th e r  a t te m p ts  to  u t i l iz e  b a g a s s e  fo r  
m a n u fa c tu re  of p u lp  an d  p a p e r  r e s u l te d  in  f a i lu r e s .
T h e re  h av e  b e e n  n u m e ro u s  r e a s o n s  g iv e n  fo r  th e  f a i lu r e  of th e se
6e a r ly  a t te m p ts  to  m a n u fa c tu re  p u lp  an d  p a p e r  f ro m  b a g a s s e .  H o w e v e r, 
i t  w as  u s u a lly  a  c o m b in a tio n  of in su rm o u n ta b le  d if f ic u l t ie s  w h ich  le d  
to  th e  f in a l  f a i lu r e .
In  th e  e a r ly  a t te m p ts ,  f a i lu r e  w as due in  m an y  c a s e s  to the  
in a b il i ty  to  p ro d u c e  a  m a rk e ta b le  g ra d e  of p a p e r  a t  a  p r ic e  s u ff ic ie n t to 
o f fs e t  the  c o s ts ,  (16). T h is  w as  c a u s e d  by a la c k  of know ledge of the 
c h a r a c t e r i s t i c s  of b a g a s s e  a s  a  p a p e rm a k in g  m a te r ia l ,  a  la c k  of kn o w ­
le d g e  of th e  ty p e  of p ro d u c t  to  be e x p e c te d  f ro m  th e  p r o c e s s e s  u s e d , 
o r  an  a t te m p t  to c o n v e r t  i t  in to  a  g ra d e  of p a p e r  to  w h ich  i t  in h e re n tly  
w as i l l  a d a p te d , (16). T h is  w as  p a r t ic u la r ly  t r u e  of a t te m p ts  to  c o n v e r t  
i t  in to  n e w s p r in t ,  (137).
S om e in v e s t ig a to r s  a t t r ib u te d  th e  e a r ly  f a i lu r e s  to  a  la c k  of kn o w ­
le d g e  of th e  a n a to m ic a l  s t r u c tu r e  of the  s u g a r  c a n e , (4 , 8). S u g a r  c an e  
p o s s e s s e s  th r e e  k in d s  of f ib e r s :  th o se  of p i th ,  of th e  m id d le  l a y e r s ,  
an d  of th e  o u te r  la y e r .  T he f i r s t  a r e  q u ite  su p p le , b u t th e  l a s t  a r e  l ig n i -  
f ie d  an d  h a rd .  In  th e  p u lp in g  p r o c e s s e s  th e  p i th  f ib e r s ,  w h ich  c o n s ti tu te  
a b o u t 30 p e r  c e n t  of the  w h o le , w e re  lo s t  in  th e  w a sh  w a te r s ,  so  th a t  
th e  o p e ra t io n  w as n o t v e ry  e c o n o m ic a l o r  r e m u n e ra t iv e .
T h u s , w hen  a t te m p ts  w e re  m a d e  to  re m o v e  th e  p ith  e i th e r  b e fo re  
o r  a f te r  th e  co o k in g  o p e ra tio n , s in c e  th e r e  w as no u s e  fo r  th e  p ith , 
th e  y ie ld  w as so  low  th a t  e c o n o m ic  o p e ra t io n s  w e re  im p o s s ib le .  On 
th e  o th e r  h an d , w hen  th e se  e a r ly  c o m p a n ie s  a t te m p te d  to  g e t a  h ig h e r
7y ie ld  by le a v in g  th e  p ith  in  th e  f in a l  p ro d u c t ,  th e  r e s u l t in g  p a p e r  w as 
so low  in  q u a li ty  th a t  i t  w as  n o t m e r c h a n ta b le ,  (15).
A n o th e r  im p o r ta n t  c a u s e  of f a i lu r e  w as  the d iff ic u lty  of in s u r in g  
a  s te a d y  an d  s u f f ic ie n t  su p p ly  of th e  ra w  m a te r ia l .  T h e  e n t i r e  supp ly  
in  m o s t  a r e a s  i s  p ro d u c e d  d u r in g  the  s h o r t  c a n e -c ru s h in g  s e a s o n  of 60 
to 90 d a y s ,  and  th e  r e m o v a l  an d  s to r a g e  of th is  la r g e  a m o u n t of bulky  
m a te r i a l  p r e s e n te d  g r e a t  d if f ic u lty . M ean s of p r e s e r v a t io n  of the f ib e r  
w e r e  n o t  th e n  know n, an d  i t  w as  ev en  th o u g h t by so m e  in v e s t ig a to r s  th a t  
only  f r e s h  b a g a s s e  co u ld  be  u t i l iz e d  in  p a p e rm a k in g , th u s  l im itin g  p r o ­
d u c tio n  to  th e  s h o r t  c ru s h in g  s e a s o n .  T h is  la c k  of k n ow ledge  of m e th o d s  
of h a n d lin g  b a g a s s e  c a u s e d  i ts  c o s t  to be  v e ry  h ig h , a lth o u g h  i t s  only  
o th e r  u s e  w as  a s  a  fu e l ,  (52 , 72).
In  m an y  c a s e s ,  the  s m a l l  s iz e  of th e  m il l  w as a  c o n tr ib u tin g  f a c to r  
in  i t s  f a i lu r e ,  b e c a u s e  the  p ro d u c tio n  w as  so  s m a l l  th a t  good e ffic ie n c y  
co u ld  n o t be  o b ta in e d , (72).
B . H is to r ic a l  R ev iew  of C o m m e rc ia l  B a g a s s e  U til iz a tio n
T h e  f i r s t  t ru ly  s u c c e s s fu l  c o m m e rc ia l  u t i l iz a t io n  of b a g a s s e ,  fo r  
m a n u fa c tu re d  p ro d u c ts ,  w as  a s  r e c e n t ly  a s  1920 w hen  T he C e lo tex  
C o rp o ra t io n  h ad  i t s  b eg in n in g  in  M a r r e r o ,  L o u is ia n a , m a n u fa c tu r in g  
in s u la t in g  b o a rd ,  (42 , 70, 71, 76). T h is  com pany  h a s  s te a d ily  ex p an d ed  
i t s  o p e ra t io n s  th ro u g h  th e  y e a r s ,  p ro d u c in g  la r g e  q u a n ti t ie s  of b u ild in g
8b o a rd , in s u la tin g  b o a rd , a c o u s tic  m a te r ia l ,  e t c . ,  w h ic h  a r e  m a r k e te d  
in  p r a c t i c a l ly  e v e ry  c o u n try  in  the  w o r ld . T h is  co m p an y  is  s t i l l  by f a r  
th e  l a r g e s t  c o n s u m e r  of b a g a s s e  in  th e  w o r ld , f o r  m a n u fa c tu re d  p ro d u c ts .  
T h is  co m p an y  so lv e d  m an y  of th e  p ro b le m s  w h ich  h a d  b e e n  s tu m b lin g  
b lo c k s  f o r  p re v io u s  o p e ra t io n s ,  (83).
In  1932, th e  H aw aiian  C ane P r o d u c ts  C o. b eg an  o p e ra t io n s  fo r  
p ro d u c tio n  of in s u la tio n  b o a rd  f ro m  b a g a s s e ,  fo llo w in g  th e  h ig h ly  
s u c c e s s fu l  v e n tu re  of T he C e lo tex  C o rp o ra t io n . T h is  m i l l  h a s  a ls o  
explained and  is  now  o p e ra te d  by The F lin tk o te  C o rp o ra t io n ,  (18).
In  la te  1939, the  W. R . G ra c e  C om pany  b e g a n  o p e ra t in g  P e r u 's  
only  p u lp  m i l l  and  l a r g e s t  p a p e r  m il l  a t  P a r a m o n g a ,  u s in g  b a g a s s e  a s  
th e  p r im a r y  ra w  m a te r ia l ,  (48 , 59). T h is  m i l l  h a s  o p e ra te d  s u c c e s s ­
fu lly  s in c e  th a t  t im e ,  g ra d u a lly  expand ing  and  im p ro v in g  i t s  o p e ra t io n s  
to p ro d u c e  a  g r e a t  v a r ie ty  of p a p e r s  an d  b o a rd s  ra n g in g  f ro m  t i s s u e  to 
h eav y  b o a rd . T h is  m il l  u s e s  an  a lk a lin e  p u lp in g  p r o c e s s ,  (48).
In  th e  s a m e  y e a r ,  a f t e r  e x te n s iv e  e x p e r im e n ta l  an d  p i lo t  p la n t  
w o rk , d u r in g  th e  o cc u p a tio n  of T a iw an  by th e  J a p a n e s e ,  a  b le a c h e d  
b a g a s s e  pu lp  m i l l  w as  e s ta b l is h e d  w h ich  u s e d  th e  a c id  m a g n e s iu m  
su lp h ite  p r o c e s s .  T h is m i l l  w as  lo c a te d  a t  T a tu , T a ic h u n g . T hen , in  
1940, a  seco n d  b le a c h e d  b a g a s s e  pu lp  m i l l  w as  s ta r t e d  up a t  H s in y in g , 
T a iw an , (15).
A lth o u g h  th e  pu lp  q u a lity , u s in g  the  a c id  su lp h ite  p r o c e s s ,  in  
th e s e  m il ls  w as p o o r ,  th e  pu lp  w as u s e d  to  a d v a n ta g e  in  J a p a n  an d  th e
J a p a n e s e  occupied, a r e a s ,  (15).
B o th  of th e  p la n ts  on T a iw an  w e re  p u t o u t of o p e ra t io n  d u r in g  
W o rld  W ar II by A llie d  bom b in g . T h en , fo llo w in g  th e  w a r ,  the  T a iw an  
P u lp  & P a p e r  C o rp o ra t io n  p u t the  H sin y in g  m il l  b a c k  in to  o p e ra t io n  in  
1947 fo r  p ro d u c tio n  of b le a c h e d  b a g a s s e  p u lp . H o w ev e r, to im p ro v e  
th e  q u a lity  of th e  p u lp , they  a b an d o n ed  th e  u se  of the  m a g n e s iu m  b a s e  
a c id  su lp h ite  p r o c e s s  an d  ad o p ted  th e  n e u t r a l  su lp h ite  p r o c e s s ,  w ith  a  
s m a l l  c o n c e n tra tio n  of c a u s t ic  so d a  a s  a  b u f fe r ,  (15).
In  1941, a  s m a l l  in te g ra te d  b le a c h e d  b a g a s s e  p u lp  and  p a p e r  m i l l  
w as s ta r t e d  in  th e  P h il ip p in e s  by C o m p an ia  G e n e ra l  d e  T a b a c o s  de 
F i l ip in a s  on the I s la n d  of O r ie n ta l  N e g ro s .  T h is  m il l  u s e d  the c o n tin u ­
ous C e ld e c o r -P o m il io  p u lp in g  p r o c e s s ,  w h ich  in v o lv e s  a l t e r n a te  t r e a t ­
m e n t  w ith  c a u s t ic  so d a  and  c h lo r in e ,  (15).
In  1943, a  s m a l l  u n b le a c h e d  b a g a s s e  pu lp  and p a p e r  m i l l  w as 
e s ta b l is h e d  a t  V illa  O cam p o , S an ta  F e ,  A rg e n t ia ,  u s in g  a  b a tc h - ty p e  
a lk a lin e  p r o c e s s ,  (18).
O th e r  s m a l l  p la n ts  w e re  e s ta b l is h e d  in  C o lo m b ia , P e r u ,  In d ia  
and  B r a z i l  in  th e  la te  f o r t i e s  and  e a r ly  f i f t ie s .  By th e  end  of 1952, ju s t  
te n  y e a r s  a g o , th e r e  w e re  only  a b o u t te n  p u lp  an d  p a p e r  m i l ls  in  the 
w o r ld  u til iz in g  b a g a s s e ,  (18).
T he e a r ly  b a g a s s e  pu lp  an d  p a p e r  m i l l s  e s ta b lis h e d  b e tw e en  1939 
and  1952 w e re  s u c c e s s fu l  p r im a r i ly  b e c a u s e  of s p e c ia l  lo c a l  c i r c u m ­
s ta n c e s ,  in c lu d in g  t a r i f f  p ro te c t io n ,  (18). I t  is  do u b tfu l th a t  any  of
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th e s e  m i l l s  co u ld  h av e  w ith s to o d  w o r ld  m a r k e t  c o m p e titio n  e i th e r  f ro m  
th e  s ta n d p o in t of p ro d u c t  q u a lity  o r  p r ic e .  T he le v e l  of tech n o lo g y  
r e l a t e d  to  p u lp in g  b a g a s s e  w as  f a r  below  the  tech n o lo g y  w h ich  had  b een  
d e v e lo p e d  fo r  p u lp in g  w ood. M any p r o b le m s ,  r e la te d  to b o th  q u a lity  
a n d  e c o n o m ic s  of p ro d u c tio n , h ad  n o t y e t  b e e n  p ro v e d  on a  c o m m e rc ia l  
b a s i s ,  a lth o u g h  m u c h  sound  te c h n ic a l  in fo rm a tio n  w as a v a ila b le  in  the  
l i t e r a t u r e  b a s e d  on e x p e r im e n ta l  w o rk , (14).
C . M ills  in  O p e ra tio n , U n d er C o n s tru c t io n , o r  
B e in g  D ev e lo p ed  fo r  U tiliz in g  B a g a s s e _____
By th e  end  of 1961, th e re  w e re  a p p ro x im a te ly  tw e n ty -f iv e  b a g a s s e  
pu lp  m i l l s  in  o p e ra t io n , p ro d u c in g  p u lp  fo r  m a n u fa c tu re  of p a p e r  and  
p a p e r b o a rd .  M o st of th e s e  m il ls  w e re  in te g ra te d  o p e ra tio n s  in  w h ich  
th e  u n b le a c h e d  o r  b le a c h e d  b a g a s s e  pu lp  w as b e in g  c o n v e r te d  d i r e c t ly  
in to  p a p e r  w ith in  th e  s a m e  m il l .  H o w e v e r, s e v e r a l  of the  m i l ls  w e re  
a ls o  s e ll in g  so m e  b a g a s s e  p u lp  on th e  m a r k e t  to  n o n - in te g ra te d  p a p e r  m i l l s .  
T h e re f o re ,  i t  is  e s t im a te d  th a t  by th e  end of 1961, th e r e  w e re  a t l e a s t  
f o r ty  p a p e r  m il ls  u t i l iz in g  b a g a s s e  p u lp  in  so m e  p ro p o r t io n , (18).
A l i s t  of th e  b a g a s s e  pulp  an d  p a p e r  m il ls  th a t  h av e  b e e n  c o m ­
p le te d  o r a r e  u n d e r  c o n s tru c t io n , o r  a r e  in  an  a d v an c ed  d ev e lo p m e n t 
s ta te  a s  of th e  end  of 1961, is  g iv en  in  T ab le  I , (18).
D. E x p a n d in g  U se  of P u lp  P ro d u c e d  F ro m  B a g a s s e
B o th  b le a c h e d  and  u n b le a c h e d  p u lp s  p ro d u c e d  f ro m  b a g a s s e  a r e  
f in d in g  ex p an d in g  u s e s ,  (121). B a g a s s e  p u lp , w hich  is  a s h o r t - f ib e r e d
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T A B L E  I
L IS T  O F  P U L P  AND P A P E R  M ILLS IN O P E R A T IO N , U N D ER 
'  CO N STRU CTIO N , OR BEIN G  D E V E L O P E D  F O R  U T IL IZ IN G  BAGASSE
(EX C LU SIV E O F W ALLBOARD M ILLS)
1. A R G EN TIN A
a . A  s m a l l  m i l l  h a s  b ee n  in  o p e ra tio n  fo r  m an y  y e a r s  in  A rg e n tin a  
fo r  p ro d u c tio n  of ab o u t 20 to n s  of low  q u a lity  b a g a s s e  p u lp  and  
p a p e r .
b. A  100 to n  in te g ra te d  b le a c h e d  b a g a s s e  p u lp  and  p a p e r  m i l l  is  
now  u n d e r  c o n s tru c t io n ,  b e in g  f in a n c e d  by the  E x p o r t - Im p o r t  
B an k . T h is  m i l l  is  be ing  b u il t  by one of th e  l a r g e s t  s u g a r  
c o m p a n ie s  in  S ou th  A m e r ic a ,  and  is  u s in g  the  r a p id  co n tin u o u s  
d ig e s t io n  s y s te m  w ith  c o m p le te  w e t d ep ith in g .
2. B R A Z IL
a . O ne 40 ton  b le a c h e d  b a g a s s e  pu lp  an d  p a p e r  m i l l  m a k in g  good 
q u a lity  w r i t in g  and  p r in t in g  p a p e r s .  T h is  m il l  u s e s  a  c o n t in ­
uous d ig e s tio n  p r o c e s s  an d  a  d ry  d e p ith in g  m e th o d .
b . A  s m a l l  pu lp  m i l l  o p e ra te d  by W est V irg in ia  P u lp  & P a p e r  
C om pany  fo r  p ro d u c tio n  of h ig h  y ie ld  u n b le a c h e d  b a g a s s e  p u lp , 
w h ich  i s  c o n v e r te d  in to  c o r ru g a tin g  m e d iu m  in  a n  in te g ra te d  
o p e ra t io n . P ro d u c tio n  of b a g a s s e  p u lp  is  only a b o u t 2 0 -2 5  to n s  
d a i ly ,  b u t th is  i s  be in g  ex p an d ed . T he m i l l  r e c e n t ly  in s ta l le d  a  
co n tin u o u s  d ry  d e p ith in g  s y s te m .
c . O ne 70 ton  u n b le a ch ed  b a g a s s e  pu lp  m i l l  w en t in to  p ro d u c tio n  
in  1959 fo r  su p p ly in g  b a g a s s e  pu lp  to  th e  B r a z i l ia n  m a r k e t .
T h is  m i l l  is  u s in g  th e  r a p id  co n tin u o u s  d ig e s te r .  I t  i s  u n d e r ­
s to o d , h o w e v e r , th a t  th is  m i l l  h a s  h ad  o p e ra tin g  d if f ic u l t ie s  
an d  h a s  n o t b ee n  v e ry  s u c c e s s fu l ,  an d  w ill p ro b a b ly  f in d  i t  
n e c e s s a r y  to  in s ta l l  so m e  type p a p e rm a k in g  o p e ra t io n  so  th a t  
th e  m i l l  w ill  be  in te g ra te d  an d  th u s  b e c o m e  m o re  p ro f i ta b le .
3. CO LO M BIA
a . O ne 80 ton  b le a c h e d  b a g a s s e  pu lp  an d  p a p e r  m i l l  w e n t in to  
o p e ra t io n  d u r in g  th e  l a t t e r  p a r t  of 1961, u s in g  d ep ith in g  and
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r a p id  c o n tin u o u s  d ig e s tio n . T h is  m i l l  is  o p e ra te d  jo in tly  
by th e  W . R . G ra c e  C om pany  an d  th e  I n te rn a t io n a l  P a p e r  
C o m p an y .
b . T he C o n ta in e r  C o rp o ra t io n  of A m e r ic a  p ro d u c e s  a b o u t 25 to n s  
of h ig h  y ie ld  u n b le a c h e d  b a g a s s e  p u lp  a t  th e i r  m i l l  in  C a li ,  
w h ich  is  u s e d  m a in ly  fo r  c o r ru g a t in g  m e d iu m .
4 . CUBA
a. O ne in te g ra te d  b a g a s s e  p u lp  an d  p a p e r  m i l l  d e s ig n e d  fo r  p r o ­
d u c tio n  of 100 to n s  of n e w s p r in t  now  in  o p e ra t io n , b u t i t  is  
u n d e rs to o d  th a t  only  a b o u t 3 0 -4 0  to n s  d a ily  a r e  b e in g  p ro d u c e d . 
T h is  m i l l  u s e s  th e  o ld  r o ta r y - ty p e  b a tc h  d ig e s te r s .
b . O ne m i l l  now u n d e r  c o n s tru c t io n  f o r  p ro d u c tio n  of 40 to n s  of 
u n b le a c h e d  b a g a s s e  pu lp  and  p a p e r ,  a ls o  u s in g  th e  o ld  b a tc h -  
ty p e  d ig e s te r s .
c . O ne in te g ra te d  b le a c h e d  b a g a s s e  p u lp  and  p a p e r  m i l l  f o r  p r o ­
d u c tio n  of 60 to n s  of b le a c h e d  b a g a s s e  pu lp  d a ily  an d  100 to n s  
of b le a c h e d  o r  u n b le a c h e d  p a p e r s  d a ily . T h is  m i l l  w e n t in to  
o p e ra t io n  in  1959 an d  r e a c h e d  i t s  r a t e d  p ro d u c tio n  b e fo re  the  
C a s t ro  g o v e rn m e n t took  i t  o v e r .  I t  u s e s  th e  r a p id  co n tin u o u s  
d ig e s t io n  s y s te m  an d  c o m p le te  d e p ith in g  of b a g a s s e .
5. E G Y P T
A  60 to n  u n b le a c h e d  b a g a s s e  p u lp  m i l l  is  u n d e r  c o n s tru c t io n ,  
an d  th is  m i l l  i s  d e s ig n e d  f o r  e a s y  e x p a n s io n  to  120 to n s  d a ily . 
P a r t  of th e  e q u ip m e n t is  b e in g  f u rn is h e d  a l r e a d y  in  th e  f i r s t  
p h a s e  f o r  th e  fu ll  120 to n s .  T h is  m i l l  w ill u s e .r a p id  co n tin u o u s  
d ig e s t io n  an d  c o m p le te  w e t d ep ith in g .
6. FORM OSA (TAIW AN)
A  la r g e  80 ton  b le a c h e d  b a g a s s e  m a r k e t  p u lp  m i l l  h a s  b e e n  in  
o p e ra t io n  in  T a iw an  fo r  m a n y  y e a r s .  T h is  m i l l  f u rn is h e s  pu lp  
fo r  m o s t  of th e  p a p e r  m i l l s  in  T a iw a n . I t  i s  a  good q u a lity  p u lp  
an d  is  u s e d  in  g r e a t  v a r ie t ie s  of g r a d e s  of p a p e r  by th e  p a p e r  
m i l l s .
7. INDIA
a . R o h ta s  In d u s t r ie s  o p e r a te s  a  b le a c h e d  b a g a s s e  p u lp  and  p a p e r  
m i l l  fo r  p ro d u c tio n  of a b o u t 25 to n s  d a ily . T h is  i s  p a r t  of a
13
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m u c h  l a r g e r  p u lp  an d  p a p e r  m i l l ,  aiid  co n tin u o u s d ig e s tio n  is  
u s e d  fo r  th e  b a g a s s e  p u lp in g .
b . One of th e  o th e r  p u lp  and  p a p e r  m i l ls  in  In d ia , S h re e  G o p al, 
is  p r e s e n t ly  u s in g  s o m e  b a g a s s e  to s u p p le m e n t th e i r  b am b o o  
su p p ly  fo r  p ro d u c tio n  of p u lp  and  p a p e r .
c . A  40 to n  b le a c h e d  b a g a s s e  p u lp  and  p a p e r  m il l  is  now  u n d e r 
c o n s tru c t io n  in  th e  S ta te  o f M y so re  u s in g  r a p id  co n tin u o u s  
d ig e s t io n  an d  c o m p le te  w e t d e p ith in g .
d . A  60 to n  b le a c h e d  p u lp  an d  p a p e r  m i l l  is  u n d e r  c o n s tru c t io n  
in  th e  S ta te  of M a d ra s  u s in g  a  f ib ro u s  fu rn is h  c o n s is t in g  of 
a p p ro x im a te ly  50% b am b o o  an d  50% b a g a s s e .  T h is  m i l l  is  
u s in g  r a p id  co n tin u o u s  d ig e s tio n  an d  c o m p le te  d e p ith in g .
e . I t  h a s  b e e n  an n o u n ced  th a t  th e  C ro w n  Z e lle rb a c h  C o rp o ra t io n  
is  c o o p e ra tin g  w ith  R o h ta s  In d u s tr ie s  in  In d ia  to  b u ild  a  200 
ton  b a g a s s e  n e w s p r in t  m i l l ,  in  w h ich  C ro w n  Z e l le r b a c h  w ill 
f u rn is h  th e  te c h n ic a l  g u id a n c e . T h is  m i l l  w ill a ls o  u s e  c o m p le te  
w e t d e p ith in g  a s  d e v e lo p e d  by th e  H aw a iian  S u g a r P la n te rs *  
A s s o c ia t io n .
f. T he B en g a l P a p e r  C om pany  u s e s  b a g a s s e  a lo n g  w ith  a  v a r ie ty  
of o th e r  f ib ro u s  r a w  m a te r ia l s  fo r  p ro d u c tio n  of b le a c h e d  
g ra d e s  of p u lp  and  p a p e r .
8 . M EX ICO
a . O ne M e x ic a n  b a g a s s e  p u lp  an d  p a p e r  m i l l  ow ned jo in tly  by S c o tt 
P a p e r  C o m p an y  an d  M e x ic an  in t e r e s t s  h a s  r e c e n t ly  ex p an d ed  
i t s  p ro d u c tio n  to  a p p ro x im a te ly  80 to n s  d a ily , u s in g  s p e c ia l  
type b a tc h  d ig e s t e r s .  A  p o r tio n  of th is  p u lp  is  u s e d  by bo th  
S c o tt  P a p e r  C o m p an y  and  th e  K im b e r le y -C la rk  C o rp o ra t io n  
fo r  p ro d u c tio n  of h ig h  q u a lity  t i s s u e s .  I t  is  a ls o  u s e d  fo r  
m an y  o th e r  g r a d e s  of p a p e r .
b . A  b le a c h e d  b a g a s s e  m a r k e t  pu lp  m i l l  f o r  p ro d u c tio n  of ab o u t 
20 to n s  d a ily  h a s  b e e n  in  o p e ra tio n  fo r  s e v e r a l  y e a r s ,  u s in g  
co n tin u o u s  d ig e s t io n .
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c . A t l e a s t  one o th e r  m i l l  in  M ex ico  is  u s in g  b a g a s s e  a s  a
s u p p le m e n ta ry  ra w  m a te r ia l  in  a d d itio n  to  w ood. T h is  m i l l  
u s e s  b a tc h  d ig e s tio n .
9. P E R U
a . T h e  W. R . G ra c e  m i l l  in  P e r u  h a s  r e c e n t ly  ex p an d ed  i t s  in te ­
g r a te d  b a g a s s e  pu lp  and  p a p e r  m i l l  to  m o re  th an  100 to n s  of 
p u lp  d a ily  a n d  a lm o s t  150 to n s  of p a p e r .  T h is  m i l l  p ro d u c e s  
b o th  b le a c h e d  an d  u n b le a c h e d  g ra d e s  of pu lp  and  p a p e r ,  and
is  u s in g  d ep ith in g  and  r a p id  co n tin u o u s  d ig e s tio n .
b . A  s m a l l  m i l l  in  n o r th e rn  P e r u  f o r  p ro d u c tio n  of a b o u t 25 tons 
of u n b le a c h e d  pu lp  an d  bag  p a p e r  d a ily . T h is  bag  p a p e r  is  
b e in g  c o n v e r te d  to  m u lt iw a ll  b ag s  an d  u s e d  fo r  c e m e n t. T he 
m i l l  is  a c tu a l ly  ow ned by th e  c e m e n t p la n t.
10. P H IL IP P IN E S
a . A  15 ton  in te g ra te d  b le a c h e d  b a g a s s e  p u lp  and  p a p e r  m i l l  u s in g  
c o n tin u o u s  d ig e s tio n  h a s  b e e n  in  o p e ra t io n  fo r  a  n u m b e r  of 
y e a r s .  T h is  m i l l  h a s  r e c e n t ly  b e e n  ex p an d ed  to  a b o u t 25 tons 
d a ily .
b . A  60 to n  in te g ra te d  b le a c h e d  b a g a s s e  pu lp  and  p a p e r  m i l l  is  
u n d e r  c o n t r a c t  an d  in  th e  s ta g e  of p r e l im in a r y  e n g in e e r in g .
T h is  m i l l  w ill  u se  th e  r a p id  co n tin u o u s  d ig e s tio n  and  c o m p le te  
d e p ith in g .
11. P U E R T O  RICO
W . R . G ra c e  p u t in to  o p e ra t io n  a  100 to n  u n b le a c h e d  b a g a s s e  
p u lp  and  p a p e r  m i l l  fo r  p ro d u c tio n  of p a p e rb o a rd ,  bag  p a p e r  
an d  w ra p p in g  p a p e r ,  a ls o  u s in g  d e p ith in g  an d  r a p id  co n tin u o u s  
d ig e s t io n . T h is  m i l l  h a s  r e c e n t ly  b e e n  ta k e n  o v e r  by th e  
I n te rn a t io n a l  P a p e r  C o m p an y , w h ic h  in d ic a te s  the  i n t e r e s t  in  
b a g a s s e  on th e  p a r t  of th e  l a r g e s t  of th e  A m e r ic a n  p u lp  and  
p a p e r  c o m p a n ie s .
12. SO U TH  A F R IC A
A n in te g ra te d  u n b lea ch ed  b a g a s s e  p u lp  and  p a p e r  m i l l  f o r  p ro d u c ­
tio n  of c o r ru g a t in g  b o a rd  h a s  b e e n  in  o p e ra t io n  fo r  s e v e r a l  y e a r s .  
P ro d u c tio n  of the  m il l  is  a p p ro x im a te ly  40 to n s  d a ily .
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13. U N IT E D  ST A T E S
T h e  V a le n tin e  P u lp  6i P a p e r  C o m p an y , L o c k p o r t ,  L o u is ia n a , 
p ro d u c e s  60 to n s  of b le a c h e d  b a g a s s e  p u lp  and  p a p e r  d a ily .
T h is  p a p e r  is  m a d e  f ro m  90% to  100% b a g a s s e  an d  is  u se d  
f o r  h ig h  q u a lity  w r i t in g  a n d  p r in t in g  p a p e r ,  an d  c o m p e te s  
in  the  A m e r ic a n  m a r k e t .
14‘ V E N E Z U E L A
A  60 to n  u n b le a c h e d  b a g a s s e  p u lp  m i l l  is  now u n d e r  c o n s t r u c ­
tio n  and  th e  r e s u l t in g  p u lp  w il l  be  u s e d  in  an  in te g ra te d  o p e r a ­
t io n  w ith  an  e x is t in g  u n b le a c h e d  p a p e r  m i l l  fo r  p ro d u c tio n  of 
w ra p p in g  p a p e r ,  bag  p a p e r ,  m u ltiw a ll  bag  p a p e r ,  l in e rb o a rd  and  
c o r ru g a t in g  m e d iu m . T h is  m i l l  is  u s in g  r a p id  co n tin u o u s 
d ig e s t io n  and  c o m p le te  d e p ith in g .
In  a d d it io n  to th e  p u lp  an d  p a p e r  m i l l s  l i s t e d  a b o v e , th e r e  a r e  a n u m b e r  
of b o a rd  m i l l s  u s in g  b a g a s s e ,  in c lu d in g  T h e  C e lo te x  C o rp o ra t io n  in  
L o u is ia n a  fo r  m a n u fa c tu r in g  in s u la t in g  b o a rd ;  an d  s im i la r  m i l ls  in  
H a w a ii, A u s t r a l i a  a n d  E n g lan d . T h e re  i s  a ls o  a  h a rd b o a rd  m il l  in  
C u b a  u s in g  b a g a s s e  and  a  p a r t i c le  b o a rd  m i l l  in  C uba. In  T a iw an  a 
p a r t i c le  b o a rd  m i l l  u s in g  b a g a s s e  i s  u n d e r  c o n s tru c t io n ,  and  a  b a g a s s e  
p a r t i c le  b o a rd  m i l l  i s  u n d e r  c o n t r a c t  in  E g y p t.
p u lp , h a s  b ee n  th o u g h t o f in  th e  p a s t  a s  p r im a r i ly  a  b len d in g  p u lp , (8). 
H o w e v e r, in  r e c e n t  y e a r s ,  i t  h a s  b e e n  found  th a t  th is  p u lp  c a n  be u t i ­
l iz e d  in  v e ry  h ig h  p ro p o r t io n s  in  m a n y  g ra d e s  of p a p e r ,  (72, 74). In  
f a c t ,  so m e  g ra d e s  of h ig h  q u a lity  p a p e r  c a n  be p ro d u c e d  w ith  b a g a s s e  
p u lp  c o n s ti tu tin g  up to  100% of th e  f ib ro u s  f u rn is h ,  (74).
S om e of th e  sp e c if ic  u s e s  of b a g a s s e  p u lp  an d  the  p ro p o r t io n s  in  
w h ich  u s e d , h a v e  b e e n  r e p o r te d  in  th e  l i t e r a t u r e  (78, 146). B a g a ss e
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p u lp s  a r e  u s e d  now  in  p r a c t ic a l ly  a l l  g ra d e s  of p a p e r ,  in c lu d in g  b a g , 
w ra p p in g , p r in t in g ,  w r i t in g , to i l e t  t i s s u e ,  f a c ia l  t i s s u e ,  to w e llin g , 
g la s s in e ,  c o r ru g a t in g  m e d iu m , l in e r b o a r d ,  b le a c h e d  b o a r d s ,  c o a tin g  
b a s e  s to c k , an d , to  a  l im ite d  e x te n t,  ev en  n e w s p r in t .
S o m e of the u s e s  of b a g a s s e  p u lp , and  th e  p ro p o r t io n s  in  w h ich  
i t  h a s  b e e n  u s e d  in  v a r io u s  g r a d e s  of p a p e r ,  a r e  g iv en  in  T a b le  II , (78).
T A B L E  II
USES F O R  BAGASSE P U L P  AND T Y P IC A L  P R O P O R T IO N  
IN  W HICH IT  HAS B E E N  USED
A . U n b le ac h e d
1. M u ltiw a ll b a g s --3 0 %  e a s i ly ,  an d  up to  60%.
2. T e s t  l in e r  b o a rd s  -  50% and  up to 80% h av e  b ee n  u s e d .
3. C o r ru g a tin g  m e d iu m  -  100%.
4 . O rd in a ry  "B "  g ra d e  w ra p p in g  p a p e r s  up to 75%, 
e x c lu s in g  m u ltiw a ll  b a g s .
5 . L ig h t  w e ig h t f r u i t  w ra p , e tc .  -  v a ry in g  p e rc e n ta g e s  
up to  100%.
6. G la s s in e  and  g r e a s e p r o o f  -  up to 100%.
B . B le a c h e d
1. Up to  100% c a n  be u s e d  fo r  h ig h  g ra d e  w r itin g  and  
p r in t in g  p a p e r s ,  and  e a s i ly  75% to  85%.
2. Up to  50% of l in e r  f u rn is h  f o r  w h ite  l in e r  b o a rd s ,  
an d  p e rh a p s  h ig h e r .
3. T o ile t  t i s s u e ,  f a c ia l  t i s s u e  an d  to w e llin g  - up to 
100%, an d  e a s i ly  75%.
4 . S o lid  b le a c h e d  b o a rd  -  a t  l e a s t  50% and  up to  100%.
5. G la s s in e  and  g r e a s e p r o o f -  up to  100%.
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C. S e m i - b le a c h e d
N e w s p r in t  -  up to 90%-100% p o s s ib le  fo r  a  s u b s t i tu te  
n e w s p r in t  s h e e t  ( e c o n o m ic a l  only in  so m e  a r e a s ) .
B a g a s s e  p u lp s  s e e m  to be b e s t  u s e d  w hen  they a r e  r e f in e d  
s e p a r a t e l y  to  d e v e lo p  m a x im u m  te n s i l e  and  b u r s t .  T h en , i f  the  lo n g -  
f i b e r e d  p u lp s  b e in g  u s e d  a r e  r e f in e d  j u s t  enough  to  d ev e lo p  m a x im u m  
t e a r ,  the  b le n d  g iv e s  good r e s u l t s  f o r  a l l  g r a d e s ,  (78).
II. P H Y S IC A L  AND C H EM IC A L C H A RA C TERISTICS O F
BAGASSE
T he  r e l a t io n s h ip s  b e tw e e n  th e  p h y s ic a l  an d  c h e m ic a l  c h a r a c t e r ­
i s t i c s  of b a g a s s e  and  i t s  p a p e r - m a k in g  q u a l i t ie s  h ave  b e c o m e  w e l l  e s t a b ­
l i s h e d .
D a ta  a c c u m u la te d  by n u m e r o u s  r e s e a r c h e r s ,  h a s  l e a d  to  the  
fo llo w in g  c o n c lu s io n s :  (78).
a .  T he c o m p o s i t io n  of b a g a s s e  i s  v a r i a b l e  depen d in g  on 
£ v a r i e ty ,  s o i l ,  m e th o d  of h a r v e s t in g ,  m i l l in g ,  and
o th e r  f a c t o r s .
b .  T h e  p r e s e n c e  of d i r t ,  l e a v e s  and  e x t r a n e o u s  m a t e r i a l  
w il l  r e s u l t  in  e x t r a  e x p e n se  of c h e m ic a l s ,  lo w e r  y ie ld s  
an d  p e r h a p s  p o o r e r  p h y s ic a l  p r o p e r t i e s ,  an d  w h ile  a  
c e r t a i n  a m o u n t  c a n  be  to l e r a t e d  in  b o a r d  m a n u f a c tu re ,  
t h e i r  p r e s e n c e  in  p a p e r - m a k in g  is  u n d e s i r a b le .
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c. P h y s i c a l l y ,  b a g a s s e  i s  c o m p o s e d  of t h r e e  e l e m e n t s .
Two of th e s e  e le m e n ts  a r e  f ib r o u s ;  n a m e ly ,  the  f ib r o -  
v a s c u l a r  b u n d le s  and  th e  r i n d  f i b e r s .  The th i r d  e le m e n t  
i s  th e  p a r e n c h y m a ,  o r  p i th ;  a  so f t  u n o r g a n iz e d  t i s s u e ,  
n o t  f ib r o u s ,  w h ich  c o n ta in s  th e  j u ic e  c e l l s .  T he r a t io
of th e s e  t h r e e  e le m e n ts  to  e a c h  o th e r  w i l l  d ep e n d  on 
s e v e r a l  f a c t o r s ,  ch ie f ly  the  v a r i e t y  of c a n e .  B e c a u s e  
of i t s  n o n - f ib ro u s  n a t u r e ,  p i th  i s  n o t  c o n s id e r e d  d e s i r ­
a b le  in  the  m a n u f a c tu re  of p a p e r .
d . C h e m ic a l ly ,  the  c o m p o s i t io n  b e tw e e n  d i f f e r e n t  s a m p le s  
of b a g a s s e  v a r i e s  s o m e w h a t ,  b u t  th is  v a r i a t io n  i s  l e s s  
th a n  th a t  found in  the p h y s ic a l  c o m p o s i t io n ;  i .  e . , r in d ,  
f i b r o v a s c u l a r  bund les  an d  p i th .  M a tu r i ty  i n c r e a s e s  th e  
l ig n in  co n ten t;  and  p la n t  b r e e d in g  c a n  be u s e d  to  ch an g e  
the  r e l a t i v e  c o n te n ts  of l ig n in ,  c e l lu lo s e  an d  p e n to s a n s .
P i t h  c o n ta in s  l e s s  c e l lu lo s e ,  m o r e  a s h ,  p e n to s a n s  and  
1% NaOH so lu b le s  th a n  the  f ib e r .
e. C o m p a re d  w ith  pu lpw ood , b a g a s s e  c o n ta in s  l e s s  l ig n in ,  
m o r e  c e l lu lo s e  and  m o r e  p e n to s a n s ,  I t  i s  an  e a s i ly  
p e n e t r a t e d  f ib e r  and , t h e r e f o r e ,  w i l l  pu lp  f a s t e r  than  
pu lpw ood.
f . B a g a s s e  h a s  a  r e l a t iv e ly  s h o r t  f ib e r  a s  c o m p a r e d  to w ood, 
a n d ,  t h e r e f o r e ,  w ill  p r o d u c e  p a p e r  d e f ic ie n t  in  s t r e n g th  
p r o p e r t i e s .  B e c a u se  of i t s  h ig h  p e n to s a n  c o n te n t  i t  i s  
b e s t  s u i te d  fo r  the  m a n u f a c tu r e  of d e n s e ,  h a r d  s u r f a c e d  
p r o d u c t s ,  su c h  a s  c o r r u g a t in g  m e d iu m  o r  g la s s in e  p a p e r s .
A  m i x t u r e  of lo n g e r  f i b e i e d  w ood p u lp s  an d  b a g a s s e  p u lp s  
w i l l  p ro d u c e  b e t t e r  f o r m e d  p a p e r s  of h ig h  s t r e n g th .
HI. TH E P U L P IN G  O F BAGASSE
A . M eth o d s  and  E q u ip m e n t  U se d  f o r  P u lp in g  B a g a s s e
V e ry  a u th o r i t a t iv e  r e p o r t s  on th e  m o s t  im p o r t a n t  m e th o d s  f o r  
the  p u lp in g  of b a g a s s e  c a n  be  found in  FA O  F o r e s t r y  an d  F o r e s t  P r o d u c t s
V
Study N o. 6 (123) an d  in  the  l i t e r a t u r e  (15).
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The p r o c e s s e s  f o r  th e  p u lp in g  of b a g a s s e  in  c o m m e r c i a l  p r a c ­
t ic e  today  a r e  the  fo llow ing : (a) Soda P r o c e s s ;  (b) S u lp h a te  P r o c e s s ;
(c) N e u t r a l - s u lp h i t e  o r  M o n o su lp h ite  P r o c e s s ;  (d) C a u s t ic  S o d a -  
C h lo r in e  o r  C e ld e c o r  P r o c e s s ;  (e) M e c h a n o -c h e m ic a l  P r o c e s s ,  (121).
(a) Soda  P r o c e s s
In  th is  m e th o d  th e  b a g a s s e  i s  co o k ed  in  p r e s s u r e  d i g e s t e r s  w ith  
a  so lu t io n  of c a u s t ic  so d a .  T he  cooking  t im e  and  a m o u n t  of c h e m ic a l s  
u s e d  d ep en d  on w h e th e r  o r  n o t  a  c h e m ic a l  r e c o v e r y  s y s t e m  is  em p lo y e d .  
W ith s u c h  a  s y s t e m ,  the  c h e m ic a l  c o n c e n t r a t io n  u s e d  m a y  be a s  h ig h  as  
25% on B .D .  w e ig h t  of b a g a s s e  (w ith  80% to  90% r e c o v e r y  of c h e m ic a l ) ,  
and  a  s h o r t  co o k  a t  r e l a t iv e ly  low  p r e s s u r e s  i s  r e q u i r e d .  W hen a  
c h e m ic a l  r e c o v e r y  s y s t e m  i s  n o t  em p lo y e d ,  d ig e s t io n  is  c a r r i e d  ou t a t  
a  m u c h  lo w e r  c h e m ic a l  c o n c e n t r a t i o n - - a b o u t  14% to  16% in  the  c a s e  of 
b le a c h e d  p u l p - - i n  o r d e r  th a t  c h e m ic a l  c o s t s  m a y  be  l im i te d .
W ith  a  cook  of two h o u r s  a t  a  m a x im u m  t e m p e r a t u r e  of 170° C. 
an d  u s in g  15% c a u s t ic  so d a ,  th e  m a x im u m  y ie ld  w h ic h  is  e x p e c te d  to 
ab o u t 43% to  53% f o r  u n b le a c h e d  pu lp  (b a s e d  on d r y  w e ig h t  of d e p i th e d  
b a g a s s e )  o r  a n  o v e r a l l  y i e ld  of a b o u t  48% to  50% a f t e r  b le a c h in g .  T he 
b le a c h e d  pu lp  m a y  be  u s e d  f o r  f in e  w r i t in g  p a p e r s  an d  in  b len d s  f o r  
p r in t in g  p a p e r s .  ^
F o r  a  h igh  y ie ld  c o a r s e  p u lp ,  c h e m ic a l  r e q u i r e m e n t s  a r e  a b o u t  
7% to  9%» u n d e r  co n d it io n s  s i m i l a r  to th o s e  d e s c r i b e d  ab o v e . Y ie ld s
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of 70% to 75% of good  q u a l i ty  p u lp ,  s u i ta b le  f o r  c o r ru g a t in g  m e d iu m , 
b o a r d  an d  lo w e r  q u a l i ty  w ra p p in g ,  m a y  be o b ta in ed .
(b) S u lp h a te  P r o c e s s
T he S u lp h a te  P r o c e s s  u s e s  l iq u o r  c o n ta in in g  c a u s t ic  soda (NaOH), 
a n d  s o d iu m  s u lp h id e  (N a2S), w ith  d ig e s t io n  co n d i t io n s  s im i l a r  to th o s e  
f o r  the  so d a  p r o c e s s .  W h e re  a  c h e m ic a l  r e c o v e r y  s y s te m  i s  e m p lo y ed ,  
a  l o s s  of s o d a  i s  m a d e  up by the  a d d i t io n  of s a l t  c ak e  ( so d iu m  su lpha te )  
in s t e a d  of so d a  a s h  ( so d iu m  c a rb o n a te )  o r  c a u s t ic  so d a .  A  m o d if ic a t io n  
of the  p r o c e s s ,  in v o lv in g  the  u s e  of c a u s t ic  so d a  an d  s u lp h u r ,  h as  b een  
s u c c e s s f u l ly  e m p lo y e d  f o r  a  n u m b e r  of y e a r s  by one L a t in  A m e r ic a n  
m i l l  to p r o d u c e  f r o m  b a g a s s e  a  s u lp h a te - ty p e  p u lp ,  w h ich  i s  u se d  in  
the  m a n u f a c tu r e  of p a p e r  b o a r d ,  l i n e r  b o a r d ,  s a c k  and  w rap p in g  
p a p e r s ,  e tc .
W ith  a  t o t a l  c h e m ic a l  c o n c e n t r a t io n  ( c a u s t ic  so d a  p lu s  so d iu m  
su lp h id e )  of a b o u t  14% to 16% (b a se d  on d r y  w e ig h t  of d ep i th e d  b a g a s se )  
a n d  a  co o k  of two h o u r s  a t  170° C . a n  u n b le a c h e d  y ie ld  of a b o u t  53% to 
55% m a y  b e  e x p e c te d .  A bou t 8% to  9% of c h lo r in e  (b a se d  on d ry  w e ig h t  
of pulp) i s  n e e d e d  f o r  b le a c h in g ,  w ith  a  r e s u l t i n g  y ie ld  of ab o u t 48% to 
50%.
L ik e  the  so d a  p r o c e s s ,  th e  s u lp h a te  m e th o d  a s  co m m o n ly  u s e d  
in v o lv e s  a  h ig h  in i t i a l  c a p i ta l  c o s t  on p la n t  and  e q u ip m e n t .  A  f u r th e r  
d i s a d v a n ta g e  is  th e  d i s a g r e e a b l e  o d o r  of h y d ro g e n  su lp h id e ,  m e r c a p ta n s ,
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e t c . ,  n o r m a l ly  a s s o c i a t e d  w ith  th is  o p e ra t io n .
(c) N e u t r a l - s u lp h i t e  o r  M o n o -s u lp h i te  P r o c e s s
T h e  p r in c ip a l  c h e m ic a l  u s e d  is  so d iu m  su lp h i te ,  w h ic h  is  
b u f f e r e d  d u r in g  th e  cook ing  o p e r a t io n  w ith  so d iu m  b ic a r b o n a te  o r  c a u s ­
t i c  so d a .
T h e  m o s t  f a v o ra b le  co n d it io n s  f o r  d ig e s t io n  in v o lv e  the u s e  of 
a b o u t  12% to  14% so d iu m  m o n o  su lp h i te  and  3% to  4% so d iu m  c a rb o n a te  
(b a s e d  on d ry  w e ig h t  of d e p i th e d  b a g a s s e ) .  A  n o r m a l  cook  w ould  b e  of 
two h o u r s  d u r a t io n  a t  170° C . , r e s u l t in g  in  an  u n b le a c h e d  y ie ld  of ab o u t 
55% to 58%. S u ch  p u lp s  a r e  e a s i ly  b le a c h a b le  an d  g ive  a  b le a c h e d  y ie ld  
of a b o u t  48%.
<  .
T he  p r o c e s s  d i f f e r s  f r o m  the a lk a l in e  m e th o d  in  th a t  the h e m i -  
c e l lu lo s e s  a r e  n o t  so  r e a d i ly  a t t a c k e d  and  r e m o v e d .  T h u s ,  h ig h e r  
y i e ld s  a r e  o b ta in e d  an d  though  the  p u lp s  a r e  n o t  q u i te  so s t r o n g ,  they  
a r e  h ig h e r  in  c o lo r  an d  n e e d  n o t  be b le a c h e d  w hen  u s e d  to m a k e  p a p e r s  
w i th  a  b r ig h tn e s s  of ab o u t  50. W hen b le a c h e d  th e y  a r e  u s e d  in the  m a n ­
u f a c tu r e  of g r e a s e - p r o o f  and  g la s s in e .  They a r e  u su a lly  m ix e d  w ith  
o th e r  p u lp s  f o r  th e  p ro d u c t io n  of f in e  w r i t in g  and  p r in t in g  p a p e r s .
F o r  the  p r o d u c t io n  of h ig h -y ie ld  c o a r s e  p u lp ,  s u i ta b le  fo r  c o r ­
ru g a t in g  m e d iu m ,  fo ld ing  box b o a r d ,  e t c . , c h e m ic a l  r e q u i r e m e n t s  a r e  
a b o u t  6% to  8% s o d iu m  su lp h i te  an d  a b o u t  3 p e r  c e n t  of s o d iu m  c a r b o n a te .
A s  w ith  the  so d a  an d  su lp h a te  p r o c e s s e s ,  in i t i a l  c a p i t a l  i n v e s tm e n t
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i s  h ig h  s in c e  p r e s s u r e  d ig e s to r s  a r e  n e e d e d .  M o r e o v e r ,  th e  p r o c e s s  
is  o p e r a te d  w ith o u t a  r e c o v e r y  s y s t e m  an d  c o n s e q u e n t ly  i t s  ec o n o m ic  
s u c c e s s  d ep en d s  v e ry  l a r g e ly  upon  th e  l o c a l  c o s t  of c h e m ic a l s .  The 
m o s t  n o ta b le  e x a m p le  of c o m m e r c i a l  b a g a s s e  p u lp in g  by the  m o n o -  
su lp h i te  p r o c e s s  is  th e  m i l l  of the  T a iw a n  P u lp  an d  P a p e r  C o r p o r a t io n  
in  F o r m o s a .
(d) C a u s t ic  S o d a - c h lo r in e  o r  C e ld e c o r  P r o c e s s  
T h is  p r o c e s s ,  w h ic h  i s  c o n t in u o u s ,  u s e s  open  to w e r s  w ith  b u f fe r  
ta n k s  in  b e tw e e n .  I t  w as  o r ig in a l ly  d e s ig n e d  to e n a b le  th e  p r o d u c t s  of 
a n  e l e c t r o ly t i c  p la n t  to  be u t i l i z e d  in  a p p r o x im a te ly  the  s a m e  p r o p o r ­
t io n s  a s  they  a r e  p ro d u c e d .
P r i m a r y  d e l ig n i f ic a t io n  i s  c a r r i e d  ou t by t r e a t m e n t  w ith  a  m i ld  
s o lu t io n  of c a u s t ic  so d a  in  a  s t e a m - h e a t e d  to w e r ,  an d  th e  d ig e s te d  
m a t e r i a l  o r  s e m ip u lp ,  th u s  o b ta in e d  m a y  b e  u s e d  in  th e  m a n u f a c tu re  
of b o a r d s ,  c o r r u g a t in g  m e d iu m  and  s o m e  ty p es  of w r i t in g  p a p e r s .  Y ie ld s  
of 65% to 75% (b a se d  on d ry  w e ig h t  of d e p i th e d  b a g a s s e )  c a n  be  e x p e c te d .
F o r  m a k in g  b le a c h e d  pu lp  the  d ig e s te d  m a t e r i a l  i s  w a s h e d ,  
p r e s s e d  to  a  c o n s is te n c y  of ab o u t  30% an d  th e n  f lu ffed  in  an  open ing  
m a c h in e ;  i t  n e x t  p a s s e s  th ro u g h  a  to w e r  (20 to 30 m in u te s )  in to  w h ich  
c h lo r in e  gas  i s  in je c te d .  A f te r  c h lo r in a t io n  the  p u lp  is  s u b m i t te d  to 
e x t r a c t i o n  w ith  c a u s t ic  s o d a ,  s c r e e n e d  a n d  f in a l ly  b le a c h e d  w ith  h y p o ­
c h lo r i t e  in  one o r  two s ta g e s .  The r e s u l t  is  a  h ig h  q u a l i ty  pu lp  w ith
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a  y ie ld  of ab o u t  45%.
T h e  c a u s t i c  s o d a - c h lo r in e  p r o c e s s  h a s  b o th  a d v a n ta g e s  an d  
d is a d v a n ta g e s  o v e r  the  c o n v e n t io n a l  p r e s s u r e  m e th o d s .  W hile  c h e m ic a l  
c o n su m p t io n  i s  r e l a t i v e ly  h ig h , the  p r o c e s s  h a s  a  d i s t i n c t  a d v a n ta g e  of 
o p e ra t io n  a t  n e a r  a tm o s p h e r i c  p r e s s u r e ,  so  th a t  the  in i t i a l  in v e s tm e n t  
c o s t  m a y  be  lo w e r .
(e) M e c h a n o - c h e m ic a l  P r o c e s s
In  th i s  p r o c e s s ,  d e v e lo p e d  by th e  U n ited  S ta te s  N o r th e r n  U t i l i ­
z a t io n  B r a n c h ,  e i t h e r  c a u s t ic  so d a  a lo n e  o r  a  c o m b in a t io n  of c a u s t ic  
so d a  and  s o d iu m  s u lp h id e  m a y  b e  u s e d .  The p u lp in g  o p e ra t io n  i s  c a r ­
r i e d  ou t in  a  h y d r a p u lp e r  a t  a tm o s p h e r i c  p r e s s u r e  an d  a t  a  t e m p e r a t u r e  
of 9 8 °  to  99°  C. T he  h y d r a p u lp e r  n e e d s  to be f i t t e d  w ith  an  o v e r s i z e  
r o to r  and  w i th  a  m o r e  p o w e r fu l  m o to r  th an  is  u s e d  f o r  pu lp ing  w a s te  
p a p e r s .
W hen  u s in g  th e  p r o c e s s  to  o b ta in  b le a c h a b le  p u lp s  f r o m  d e p i th e d  
b a g a s s e ,  c h e m ic a l  r e q u i r e m e n t s  a m o u n t  to b e tw e e n  14% an d  16% by 
w e ig h t  of r a w  m a t e r i a l ,  w ith  a  cook ing  p e r io d  of a b o u t  one h o u r .  U n ­
b le a c h e d  y ie ld  of a b o u t  60% an d  b le a c h e d  y ie ld s  of o v e r  50% h av e  b e e n  
r e p o r t e d .  F o r  a  c o a r s e - g r a d e  b o a r d  p u lp ,  a b o u t  7% to  9% of c h e m ic a l s  
a r e  r e q u i r e d  an d  y ie ld s  up to  75% a r e  q u ite  p o s s ib le .
U n b le a c h e d  p u lp s  m a y  be u s e d  f o r  h igh  g r a d e  c o r r u g a t in g  l i n e r  
o r  c o a r s e  w ra p p in g  w h ile  b l e a c h e d  p u lp s  m a y  b e  u s e d  fo r  a  w ide  v a r i e ty  
of f in e  p a p e r s .  T h e i r  b e s t  u s e ,  h o w e v e r ,  is  in  b le n d s  w ith  o th e r  p u lp s .
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T he  p r o c e s s  i s  e x c e e d in g ly  s im p le  to c o n t ro l  an d  v e r y  r a p id .
T h e  h ig h  s t r e n g t h  of th e  p u lp s  o b ta in e d  i s  a t t r ib u te d  to  the  f a c t  th a t  the  
m i ld  c o n d i t io n s  e m p lo y e d  do n o t  d e g ra d e  the  c e l lu lo s e  and  h e m i c e l l u -  
l o s e s  a s  m u c h  a s  p r e s s u r e  cooking .
B . R e c e n t  D e v e lo p m e n ts  in  B a g a s s e  P u lp in g
D u r in g  the  p a s t  few  y e a r s ,  the  t r e n d  h a s  b een  to w a rd  the  u s e  of 
the  r a p id  c o n tin u o u s  p r e s s u r e  pu lp in g  m e th o d  f o r  b a g a s s e ,  (12, 121). 
P e r h a p s  th e  m o s t  s ig n i f ic a n t  d e v e lo p m e n t  in  th i s  f ie ld  of p u lp in g  h a s  
b e e n  th e  d i s c o v e r y  th a t  the  long cooking  t im e s  t ra d i t io n a l ly  u s e d  f o r  
a g r i c u l t u r a l  f i b e r s  in  e i t h e r  b a tc h  o r  co n tin u o u s  p r o c e s s e s  a r e  c o m ­
p le te ly  u n n e c e s s a r y ,  (64, 65). In  f a c t ,  th e  long cook ing  t im e s  h a v e  
b e e n  found  to b e  d e t r im e n t a l  to the  q u a l i ty  of the  pu lp .
In  c o n t r a s t  to t r a d i t io n a l  cook ing  t im e s  of 1 to 4  h o u r s ,  the  new  
r a p id  c o n tin u o u s  pu lp in g  m e th o d s  inv o lv e  a  cooking  p e r i o d  o f only 10 to 
12 m in u te s  f o r  b a g a s s e ,  (12, 64, 65). T he P a n d ia  D ig e s te r  (12) a p p e a r s  
to in t ro d u c e  a  n u m b e r  of im p ro v e m e n ts  am o n g  w h ich  a r e :  f le x ib i l i ty ,  
i t  m a y  be  u s e d  w ith  any  cook ing  l iq u o r  o r  co n d it io n s  in te rc h a n g e a b ly ;  
th o ro u g h  c o n tin u o u s  m ix in g  of m a t e r i a l  in  d ig e s t e r ;  h ig h  c a p a c i ty  p e r  
u n i t  due to  c o m p a c t in g  a t  h ig h  t e m p e r a t u r e  and  p r e s s u r e ;  s h o r t  cook ing  
t im e ,  10 m in u te s  fo r  u n b le a c h e d  p u lp ,  20 m in u te s  fo r  fu lly  b le a c h e d  
p u lp .  T he b a s ic  u n i t  of the  P a n d ia  co n tin u o u s  d i g e s t e r  c o n s i s t s  of a
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p a i r  of h o r iz o n ta l  tubes  jo in ed  by a  co n n e c t in g  n e c k .  F ib r o u s  m a t e r i a l  
i s  m o v e d  th ro u g h  th e s e  tu b es  by  conv ey o r  s c r e w s ,  d u r in g  w h ic h  t im e  
co o k in g  ta k e s  p la c e  u n d e r  p r e s s u r e  w ith  any  d e s i r e d  co ok ing  l iq u o r .  
T h e s e  u n its  and  o th e r s  of s i m i l a r  type  a r e  b e in g  p r e s e n t l y  u s e d  c o m ­
m e r c i a l l y  in  C uba , P e r u  and  P u e r to  R ico  f o r  the  p u lp in g  of b a g a s s e ,  
(62).
IV. HANDLING AND PRO C ESSIN G  O F BAGASSE 
P R IO R  TO P U L P IN G
A . C o m p o s i t io n  P r i o r  to  S to ra g e
A s  p ro d u c e d ,  b a g a s s e  co n ta in s  abou t 50% m o i s t u r e ,  2% to 5% 
s u g a r  an d  a l l  ty p es  of m i c r o o r g a n i s m s  f r o m  the  s o i l ,  (61). W ith in  the  
c o u r s e  of a  few  h o u r s ,  the  s u g a r s  a r e  f e r m e n te d  to a lc o h o l  and  th e n c e  
to  a c e t ic  and  r e l a t e d  a c id s .  If l e f t  u n c h e c k e d  b a g a s s e  w i l l  be s u b je c t  
to  a  c o n c e r t e d  a t t a c k  by a c id s  an d  fung i. S e r io u s  d e t e r i o r a t i o n  of the  
f ib e r  h a s  b e e n  known to p ro d u c e  a  lo s s  of up to 30% by w e ig h t  in  the 
c o u r s e  of s e v e r a l  m o n th s ,  (52, 32, 61).
B . D e te r io r a t i o n  of B a g a s s e  U n d e r  F u n g a l  A t ta c k
F u n g i  a r e  p la n ts  of s im p le  s t r u c t u r e  w h ic h  o b ta in  th e i r  food 
f r o m  o rg a n ic  m a t t e r .  T h o se  w h ic h  g ro w  on b a g a s s e  d e v e lo p  a t  the  
e x p e n s e  of c e l lu lo s e ,  l ig n in  and  o th e r  c o m p o n e n ts  of th e  c e l l  w a l l s ,
(38, 43 , 36, 41 , 121).
T h e re  is  e v id e n c e  th a t  fun g a l a t ta c k  in  b a g a s s e  i s  b o rn e  m a in ly
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by the c e l lu lo s e  f r a c t i o n ;  t h e r e f o r e ,  e n z y m a t ic a l ly  l i b e r a t in g  the  l ig n in ,  
(36). D ecay  r e d u c e s  w e ig h t  an d  the m a t e r i a l  b e c o m e s  b r i t t l e ,  e a s i ly  
f r a g m e n te d  a n d  d a r k  in  c o lo r .  T he c o m b in a t io n  of the  p h y s ic a l  and  
c h e m ic a l  c h a n g e s  in d u c e d  by d e c a y  te n d  to c o m b in e  in  r e d u c t io n  of pu lp  
y ie ld  and  s e r i o u s  i m p a i r m e n t  of pu lp  q u a l i ty ,  (52).
G ro w th  of b a c t e r i a  and  fung i c a n  be  r e t a r d e d  o r  s to p p e d  in  
s e v e r a l  w a y s :  (52).
1. In h ib i t  g ro w th  e x te r n a l ly  by:
a .  R e d u c in g  oxygen  supp ly
b . R e d u c in g  w a te r  c o n te n t
c .  I n c r e a s i n g  t e m p e r a t u r e
to  c o n d i t io n s  a t  w h ich  g e r m in a t io n  c a n n o t  be s u s ta in e d .
2. I n h ib i t  g ro w th  in te r n a l ly  by:
a .  In tro d u c in g  c h e m ic a l s  w h ic h  r e a c t  
w ith  th e  m i c r o o r g a n i s m s .
b .  I n t ro d u c in g  c h e m ic a l s  w h ic h  p r o te c t  
th e  f i b e r .
C. S to ra g e  a n d  P r e s e r v a t i o n  of B a g a s s e
One ty p e  of c o m m e r c i a l  p r e s e r v a t i o n  of b a g a s s e  d u r in g  s to r a g e  
(54, 88), t a k e s  a d v a n ta g e  of th e  e x o th e r m ic  s u g a r  f e r m e n ta t io n  r e a c t i o n  
in  o r d e r  to  s t e r l i z e  th e  f i b e r  and  in d u ce  d ry in g  to a  m o i s t u r e  c o n te n t  a t  
w h ich  m i c r o b i a l  a c t io n  i s  n o t  s u s ta in e d .  The p r o c e d u r e  c o n s i s t s  of 
s ta c k in g  th e  b a l e s ,  66 ' x  100* x  30* h ig h ,  in  a  f a sh io n  d e s ig n e d  to p ro d u c e
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n u m e r o u s  a i r  c h a n n e ls  th ro u g h  w h ich  th e  h e a t  o£ f e r m e n ta t io n  and  
m o i s t u r e  c a n  e s c a p e .  P r e s e r v a t i o n  is  f u r t h e r  a id e d  by s p r in k l in g  b o r ic  
a c id  b e tw e e n  l a y e r s  on the  top and  o u ts id e  b a le s ;  c o v e r in g  th e  s ta c k  
an d  p ro v id in g  w e l l  d r a in e d  fo u n d a t io n s .  I t  is  r e p o r t e d  th a t  lo s s  of f ib e r  
i s  r e d u c e d  to 10% by w e ig h t  (54, 88).
T h is  m e th o d  h a s  b e e n  u s e d  s u c c e s s fu l ly  by the  C e lo te x  C o r p o r a ­
t io n  a n d  i t  h a s  b e e n  found  th a t  if  the  m a t e r i a l  is  s ta c k e d  c a r e fu l ly ,  
i t  w i l l  d ry  o u t  to a b o u t  20% m o i s t u r e  in  6 m o n th s  t im e  and  th e n  k e e p  
f a i r l y  w e l l ,  a s  long a s  the  b a g a s s e  is  k e p t  d ry .
P a p e r  m a n u f a c t u r e r s  r e c o g n iz e ,  h o w e v e r ,  th a t  f ib e r  d e t e r i o r a ­
t ion  d o e s  o c c u r  d u r in g  s to r a g e  and  th a t  s to r e d  b a g a s s e  g iv en  p u lp s  th a t  
a r e  v e r y  d i f f ic u l t  to b le a c h .  A ls o ,  c a r e l e s s n e s s  in  the  h an d lin g  o p e r a ­
t io n ,  o r  d e v ia t io n s  f r o m  p r o p e r  s to r a g e  p r o c e d u r e s  w il l  im m e d ia te ly  
b r in g  up l o s s e s  to c lo s e  to 30%, (62).
D ry in g  of b a g a s s e  to ab o u t  20% m o i s t u r e  by w e ig h t  p r i o r  to 
s to r a g e  w il l  r e s u l t  in  no s u b s e q u e n t  d e t e r i o r a t i o n  of the  f ib e r  w ith  the 
e x c e p t io n  of n a t u r a l  ag in g .  N a tu r a l  a g in g ,  h o w e v e r ,  h a s  b e e n  found  to 
h av e  l i t t l e  e f fe c t  on pu lp  p r o p e r t i e s ,  fo r  p e r io d s  of s e v e r a l  m o n th s ,  (63).
P r e s e r v a t i o n  a n d  s to r a g e  of b a g a s s e  in  bu lk  h a s  b e e n  a c c o m p l is h e d  
c o m m e r c i a l ly  by k e e p in g  th e  f ib e r  c o m p le te ly  " w e t te d "  in  a  b a c t e r i a l  
s o lu t io n  a c c o r d in g  to the  p a te n te d  R i t t e r  P r o c e s s ,  (126), T he N goye 
P a p e r  M il ls  in  South  A f r i c a  h a s  u s e d  th is  m e th o d  s u c c e s s fu l ly  fo r
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s e v e r a l  y e a r s  and r e p o r t s  a p e r f e c t  p r e s e r v a t i o n  o f the  f i b e r ,  (62).
A  b e n e f ic ia l  d ep ith in g  an d  p r e d ig e s t io n  of the  f ib e r  i s  a l s o  a c c o m p l i s h e d .  
T he  p r in c ip l e  of c o m p le te  w e tt in g  is  u t i l i z e d  a lso  by  a  C uban  b a g a s s e  
p a p e r  m i l l  w h ic h  k e e p s  i ts  bulk  s to r e d  f ib e r  c o n t in u o u s ly  s p r in k le d  
w ith  r i v e r  w a te r  (62).
D. B a g a s s e  D ep ith ing  P r i o r  to P u lp in g
1. O b je c t io n s  to p i th  in  p a p e r  m a n u f a c tu r e .
I n v e s t ig a to r s  (146), r e p o r t  th a t  th e  p r e s e n c e  in  b a g a s s e  of p i th ,  
d i r t ,  and  l e a v e s  v e ry  a d v e r s e ly  a f fe c ts  th e  y ie ld  a n d  q u a l i ty  of the  
r e s u l t i n g  pu lp  and  p a p e r .  S ince  the p i th  i s  n o n - f ib r o u s ,  f in e ly  d i s ­
o r d e r e d ,  and  qu ite  r e a c t iv e  to  th e  cooking  c h e m ic a l s ,  i t s  p r e s e n c e  
r e s u l t s  in  e x c e s s iv e  c h e m ic a l  c o n su m p tio n  in  co o k in g .  I t s  r e a d y  a b s o r p ­
t io n  of s o i l  and  t r a s h  p a r t i c l e s  m a k e  th e i r  r e m o v a l  d i f f ic u l t .  I t  r e d u c e s  
the  " f i n e n e s s "  of the  r e s u l t in g  p u lp  and m a k e s  h ig h  s p e e d  s h e e t  f o r m a ­
t io n  i m p r a c t i c a l .  The m a t e r i a l  h y d r a te s  v e r y  e a s i ly  and  th u s  c a u s e s  
d i f f ic u l t ie s  by in c r e a s in g  the  s t i f fn e s s  and  t r a n s lu c e n c e  of th e  r e s u l t i n g  
s h e e t .  D i r t ,  s o i l  and  p i th  m u s t  b e  r e m o v e d  if  a  h ig h  q u a l i ty  b le a c h e d  
p r o d u c t  i s  d e s i r e d .
2. M eth o d s  fo r  P i t h  S e p a ra t io n
A l a r g e  n u m b e r  of p a te n ts  e x i s t  (88) fo r  m a c h in e s  a n d  p r o c e s s e s  
u s e d  f o r  the  s e p a r a t io n  of p i th  and  f ib e r .  S e p a r a t io n  m a c h in e s  an d
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p r o c e s s e s  m a y  be c l a s s i f i e d  g e n e r a l ly  a s  " w e t"  o r  " d r y " .  M o s t  m e th o d s  
inv o lv e  t r e a t m e n t  in  r o d  m i l l s ,  h a m m e r  m i l l s ,  d is c  r e f i n e r s ,  an d  th e  
l ik e .
P e r f e c t  s e p a r a t io n  w ould  in v o lv e  " ru b b in g "  of f i b e r s  a g a in s t  e a c h  
o th e r  w ith o u t c u tt in g .  In  a  " d r y "  s e p a r a t io n  p i th  c e l l s  w h ic h  a r e  f i r m l y  
e m b e d d e d  in  the  bund le  of r in d  f i b e r s  te n d  to b e c o m e  p o w d e re d  r a t h e r  
than  lo o se n e d ,  and  the  s t i f f ,  b r i t t l e  f i b e r s  a r e  c u t  and  f r a c t u r e d ,  p r o ­
duc ing  m a n y  s h o r t ,  chunky f i b e r s  to w h ic h  p i th  i s  o f ten  s t i l l  a t t a c h e d .
In  the  "w e t"  s e p a r a t io n  m e th o d s ,  the  f ib e r  is  m o r e  f le x ib le ;  t h e r e f o r e ,  
the m e c h a n ic a l  t r e a t m e n t  to lo o s e n  p i th  f r o m  f ib e r  is  n o t a s  l ik e ly  to 
b r e a k  long f ib e r s  in to  s h o r t  p i e c e s ,  and  th e  p i th  c a n  be e a s i ly  r e l e a s e d  
f r o m  the  b u n d le s  of r in d  f i b e r s .  T h u s ,  th e  "w e t"  s e p a r a t i o n  is  m o r e  
s a t i s f a c to r y  and  m u c h  m o r e  e f f ic ie n t .
S e v e r a l  m a c h in e s  an d  p r o c e s s e s  f o r  th e  o p e ra t io n  of p i th  an d  
f ib e r  h av e  p ro v e d  to be  p a r t i c u l a r l y  n o te w o r th y .  T h e se  a r e :  th e  H y d r a ­
p u lp e r  d e v e lo p e d  by L a th r o p ,  e t_aL  (88); th e  R e i tz  d i s i n t e g r a t o r  ( v e r t i ­
c a l  h a m m e r  m i l l ,  (63); and  the  p r o c e s s  d e v e lo p e d  by P a u l  M. H o r to n  
and  A r t h u r  G. K e l le r  a t  L o u is ia n a  S ta te  U n iv e r s i ty ,  (51, 61).
The m a c h in e  an d  p r o c e s s  d e v e lo p e d  a t  L o u is ia n a  S ta te  U n iv e r s i t y  
a r e  c o v e r e d  by U . S. an d  f o r e ig n  p a t e n t s ,  ow ned by the  U n iv e r s i ty  (55). 
The m a c h in e  is  a  m o d if ie d  h a m m e r  m i l l  w h ic h  m a y  be o p e r a t e d  e i t h e r  
" w e t"  o r  " d r y " ,  (61). The b a g a s s e  is  fe d  in to  one end of th e  m a c h in e
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an d  t r a v e l s  a c r o s s  the  t ip s  of the  r o to r  h a m m e r s  d u r in g  w h ich  t im e  i t  
i s  s u b je c te d  to a  b e a t in g  a n d  c o m b in g  a c t io n .  The p i th  an d  d i r t  lo o se n e d  
by th is  a c t io n  f a l l s  o r  i s  d r a g g e d  a ro u n d  th e  h a m m e r  c i r c l e  and  f o r c e d  
th ro u g h  a  p e r f o r a t e d  p l a t e  w h ich  c lo s e s  th e  lo w e r  h a lf  of the  r o to r  
c i r c l e .  T he  d e p i th e d  f ib e r  p a s s e s  ou t of th e  end of the  m a c h in e  to 
a n o th e r  s i m i l a r  u n i t  fo r  w e t  p r o c e s s i n g  o r  to s to r a g e .  T he u n its  p r e ­
s e n t ly  i n s t a l l e d  in  a  p i lo t  p l a n t  in  th e  A udubon  S u g a r  F a c to r y ,  D e p a r tm e n t  
of C h e m ic a l  E n g in e e r in g  of L o u i s i a n a  S ta te  U n iv e r s i ty ,  h av e  r o to r s  17" 
in  d i a m e t e r  by 22" lo n g , (61). T h e s e  u n i ts  a r e  o p e r a te d  in  s e r i e s  u s in g  
3 /1 6 "  p e r f o r a t i o n s  in  th e  s c r e e n s .  T he f i r s t  m i l l ,  w h ich  is  o p e ra te d  
d r y ,  n o r m a l l y  r e m o v e s  a b o u t  20% by w e ig h t  of th e  e n te r in g  b a g a s s e  as  
a  d r y - p i t h - d i r t  f r a c t io n .  " F i b e r "  f r o m  the  f i r s t  m i l l  i s  fed  to M ill  N o. 2 
w h ic h  i s  o p e r a te d  w ith  w a t e r  to  so f te n  and  open th e  f ib e r  b u n d les  and  to 
r e m o v e  so lu b le  s o l id s  f r o m  th e  " f i b e r .  " In  th is  m i l l  an  a d d it io n a l  5% 
by w e ig h t  is  r e m o v e d  a s  w e t  p i th  w h ile  a  c l e a r  s o lu b l e s - f r e e  f ib e r  is  
the  f in a l  p r o d u c t .  The i n s t a l l a t i o n  h a s  a  c a p a c i ty  of 3000 pounds of 
m i l l  r u n  b a g a s s e  (a b o u t  1000 p o u n d s  of c le a n ,  bone  d ry  f ib e r )  p e r  h o u r .  
P o w e r  r e q u i r e m e n t s  f o r  th e  o p e r a t io n ,  in c lu d in g  a l l  a u x i l i a r i e s ,  have  
a v e r a g e d  5 KWH p e r  ton  of bone  d r y  f ib e r  p r o c e s s e d .  E s t im a te s  of 
the  c o s t  of o p e r a t in g  a  c o m m e r c i a l  s iz e  d ep ith in g  p la n t  u n d e r  L o u is ia n a  
c o n d i t io n s  a r e  $ 0 .4 9  p e r  to n  bone  d r y ,  d e p ith e d  f ib e r ,  (61). This  c o s t  
in c lu d e s  p o w e r ,  l a b o r ,  m a t e r i a l s ,  m a in te n a n c e ,  d e p r e c ia t io n  and
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l i c e n s e  f e e s .
V. ECONOM IC FA C T O R S INVOLVED IN T H E  
U T IL IZ A T IO N  O F  BAGASSE F O R  THE 
M A N U FA C T U R E  O F  P U L P  AND 
P A P E R
A . T o ta l  B a g a s s e  P r o d u c t io n
A lth o u g h  the  r e l a t io n s h ip  b e tw e e n  the  am o u n t  of s u g a r  p r o d u c e d  
an d  th e  a m o u n t  of b a g a s s e  p r o d u c e d  v a r i e s  w id e ly  f r o m  a r e a s  to a r e a ,  
an d  ev en  f r o m  m i l l  to  m i l l ,  a s  a  ro u g h  e s t im a te  on a  w o r ld  w ide  b a s i s  
t h e r e  i s  ab o u t  1 .2  to 1. 3 tons  of b a g a s s e  ( m o i s t u r e - f r e e  b a s is )  p r o d u c e d  
p e r  ton  of c a n e  s u g a r  p ro d u c e d .  T h e r e f o r e ,  by r e f e r r i n g  to the  s t a t i s ­
t i c s  f o r  the  w o r ld  p ro d u c t io n  of c e n t r i fu g a l  ca n e  s u g a r ,  a s  p u b l i s h e d  
by  the U. S. D e p a r tm e n t  of A g r i c u l tu r e  R e s e a r c h  S e r v ic e ,  (142), th e  
p ro d u c t io n  of b a g a s s e  in  e a c h  a r e a  of th e  w o r ld  c a n  b e  e a s i ly  e s t i m a t e d .  
F o r  e x a m p le ,  the  w o r ld  p ro d u c t io n  of c e n t r i fu g a l  can e  s u g a r  in  1 9 6 0 /6 1  
w a s  ro u g h ly  2 9 ,0 0 0 ,0 0 0  m e t r i c  to n s .  T h e r e f o r e ,  i t  i s  e s t im a te d  t h a t  
th e  p r o d u c t io n  of b a g a s s e  ( m o i s t u r e - f r e e  b a s is )  w as  ab o u t  36, 000, 000 
m e t r i c  to n s  d u r in g  the  I9 6 0 /6 1  g r in d in g  s e a so n .
C o n s e r v a t iv e ly  sp e a k in g ,  i t  r e q u i r e s  th r e e  (3) tons  of w hole  
f r e s h  b a g a s s e  ( m o i s t u r e - f r e e  b a s i s ) ,  o r  s ix  (6) tons  of f r e s h  b a g a s s e  
a t  50% m o i s t u r e  c o n te n t ,  fo r  p ro d u c t io n  of one (1) tone  of u n b le a c h e d  
b a g a s s e  p u lp .  T h e r e f o r e ,  i f  a l l  of the  b a g a s s e  in  the w o r ld  w e r e  u t i l i z e d  
f o r  p ro d u c t io n  of p u lp ,  the to ta l  t h e o r e t i c a l  a n n u a l  p ro d u c t io n  of b a g a s s e  
p u lp  w o u ld  a m o u n t  to 1 2 ,0 0 0 ,  000 to n s ,  (18).
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B. M aking  B a g a s s e  A v a i la b le  f o r  P u lp  an d  P a p e r ,  (121)
T h e  a c tu a l  am o u n t of b a g a s s e  a v a i la b le  i s  s u b s ta n t i a l ly  l e s s  th an  
the  to ta l  am o u n t p ro d u c e d ,  b e c a u s e  t h e r e  i s  a  g r e a t  d e m a n d  fo r  m o s t  of 
th is  m a t e r i a l  a s  fu e l  fo r  th e  s u g a r  m i l l s .  In  m a n y  a r e a s ,  i t  i s  n o t 
e c o n o m ic a l ly  f e a s ib le  to s u b s t i tu te  o th e r  fu e l s  f o r  b a g a s s e  in  th e  s u g a r  
m i l l s .  M any s u g a r  m i l l s  a r e  lo c a te d  in  a r e a s  w h e r e  fu e l  i m p o r t s  w ould  
b e  e x t r e m e ly  e x p e n s iv e ,  an d  in  t h e s e  a r e a s  the  f u e l  v a lu e  of th e  b a g a s s e  
i s  of v i t a l  im p o r ta n c e  to th e  s u g a r  m i l l s .
In  o th e r  a r e a s ,  ev en  if  the  c o s t  f a c to r  w e r e  f a v o ra b le  f o r  s u b s t i ­
tu te  fu e l ,  t h e r e  m a y  no t be a d e q u a te  t r a n s p o r t a t i o n  to b r in g  s u c h  fu e l  
to  the s u g a r  m i l l ,  ( 19).
S t i l l  a n o th e r  f a c to r  a g a in s t  u s e  of b a g a s s e  in  m a n y  c a n e  s u g a r  
p ro d u c in g  a r e a s  i s  the s m a l l  s iz e  of the  m i l l s  and  th e i r  s c a t t e r e d  l o c a ­
t io n s .  In  th e se  a r e a s  t h e r e  w ould  b e  no good m e a n s  of c o n c e n t r a t in g  
a l l  of the  b a g a s s e  in  one lo c a t io n .  B e c a u s e  of the  m a n y  d i f f ic u l t ie s  i n ­
v o lved , in c lu d in g  m u c h  h ig h e r  c o s t s  of b a l in g  and  h a n d l in g  w h e r e  only 
s m a l l  s u g a r  m i l l  p ro d u c t io n  u n i ts  a r e  a v a i la b le ,  th e  e c o n o m ic a l  u t i l i z a ­
t io n  of b a g a s s e  f o r  m a n u f a c tu re  of p u lp  and  p a p e r  i s  p r i m a r i l y  l im i te d  
to a r e a s  hav in g  l a r g e  s u g a r  m i l l  p r o d u c t io n  u n i t s .
T h e n ,  in  a r e a s  w h e r e  l a r g e  s u g a r  m i l l  p ro d u c t io n  u n i ts  do e x i s t ,  
and  w h e re  o th e r  co n d it io n s  a r e  f a v o r a b le ,  th e  a m o u n t  of b a g a s s e  w h ich  
c a n  be m a d e  a v a i la b le  f o r  m a n u f a c tu r e  of p u lp  and  p a p e r  is  d e p e n d e n t
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upon:
1. Im p r o v e d  t h e r m a l  e f f ic ie n c y  in  the  s u g a r  m i l l  by m e a n s  
of w h ic h  a  b a g a s s e  s u rp lu s  is  c r e a t e d ,  o r
2. U s e  of a n  a l t e r n a t e  fue l  to  r e l e a s e  the  b a g a s s e .
T he a m o u n t  of b a g a s s e  w h ich  c a n  be  r e l e a s e d  by m e a n s  of b e t t e r  
t h e r m a l  e f f ic ie n c y  w i l l  d i f f e r  d ep en d in g  upon the  d e g r e e  of in te g ra t io n  
of the  s u g a r  m i l l  o p e r a t io n s .  F o r  e x a m p le :
1. M o d e rn  s u g a r  m i l l s  p ro d u c in g  only r a w  s u g a r  m a y ,
by ta k in g  a l l  p o s s ib l e  s te p s  to im p ro v e  the  e f f ic ie n c y  of 
p r o d u c t io n  an d  u t i l i z a t io n  of s t e a m ,  r e l e a s e  up to  25% 
to 30% of the  to ta l  b a g a s s e  p ro d u c e d ,  a s s u m in g  an  
a v e r a g e  f i b e r  c o n te n t  of the  c a n e .
2. In  c a s e s  w h e r e  th e  r a w  s u g a r  m i l l  i s  i n t e g r a te d  w ith
a r e f in in g  o p e r a t io n  a n d / o r  an  a lc o h o l  d i s t i l l e r y ,  th e r e  
i s  p r a c t i c a l l y  no p o s s ib i l i ty  of c r e a t i n g  s u rp lu s  b a g a s s e  
by im p r o v e d  t h e r m a l  e f f ic ie n c y .
In  v iew  of t h e s e  f a c ts  i t  is  e s s e n t i a l  in  a lm o s t  a l l  c a s e s  to p r o ­
vide  f o r  an  a l t e r n a t e  fu e l .  In  o r d e r  to h av e  the  g r e a t e s t  d e g r e e  of 
f le x ib i l i ty ,  i t  i s  p r e f e r a b l e  to  in s t a l l  a d e q u a te  b o i le r  c a p a c i ty  fo r  a l t e r ­
n a te  fu e l ,  e q u iv a le n t  in  s te a m  g e n e ra t in g  o u tp u t  to the fu l l  am o u n t  of 
b a g a s s e  w h ic h  i s  to be  u t i l i z e d  by th e  pu lp  an d  p a p e r  m i l l .  T hen , so m e  
of the  b a g a s s e  b u rn in g  b o i l e r s  m ig h t  be c o n v e r te d  to p i th  b u rn in g  b o i l e r s ,  
and  the  r e m a i n d e r  c a n  be  k e p t  in  s ta n d -b y  c o n d it io n  f o r  b u rn in g  b a g a s s e  
in  the  e v e n t  of e m e r g e n c i e s .
C. D e te r m in a t io n  of the  C o s t  of
B a g a s s e  A s  a  R aw  M a t e r i a l  (61)
B a g a s s e  h a s  b e e n  c o n s id e r e d  a  r e l a t iv e ly  e x p e n s iv e  f o r m  of
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c e l lu lo s e  a s  c o m p a r e d  to  o th e r  c o m p e t i t iv e  m a t e r i a l s  su c h  a s  pu lp  
w ood. T h is  a r i s e s  f r o m  the  f a c t  th a t  ca n e  s u g a r  p ro d u c t io n  is  a  s e a ­
s o n a l  o p e r a t io n ,  w h e r e a s  pu lp  and  p a p e r  m i l l s  m u s t  o p e r a te  on  a  y e a r -  
a ro u n d  b a s i s .  S in ce  th e  b a g a s s e  supp ly  is  p ro d u c e d  in  a  th re e  to s ix  
m o n th  p e r io d ,  a n d  the  pu lp  m i l l  m u s t  o p e r a te  tw e lv e  m o n th s  p e r  y e a r ,  
p u r c h a s e ,  p r e s e r v a t i o n  and  s to r a g e  of a  s u f f ic ie n t  a m o u n t  of b a g a s s e  
to p e r m i t  c o n tin u o u s  o p e ra t io n  i s  e s s e n t i a l .  T r a n s p o r t  f ro m  th e  s u g a r  
f a c t o r y  to the  p a p e r  m i l l  f u r t h e r  i n c r e a s e s  the  c o s t  of b a g a s s e  a s  a  r a w  
m a t e r i a l .
T h e  f in a l  c o s t  of b a g a s s e  to the  pu lp  m i l l  in c lu d e s  the  fo l lo w ­
ing: (61)
1. R e p la c e m e n t  v a lu e  of b a g a s s e  to s u g a r  m i l l
2. B a l in g  and  s to r a g e  c o s t s .
3. R e m o v a l  f r o m  s to r a g e  f o r  s h ip m e n t .
4 . F r e i g h t  c o s t s  to  pu lp  m i l l .
5. I n s u r a n c e  C o s t s .
6. D e p r e c ia t io n  c h a r g e s  on b a l in g  an d  s to r a g e  
f a c i l i t i e s .
7. I n t e r e s t  c h a r g e s  on in v e n to ry .
8. In v e n to ry  l o s s e s  in  s to r a g e  and  han d lin g .
T h e s e  i t e m s  w il l  be c o n s id e r e d  in d iv id u a lly .
S in ce  b a g a s s e  n o r m a l ly  f u r n i s h e s  fue l  f o r  the o p e ra t io n  of the 
s u g a r  f a c to r y  i t s  v a lu e  i s  e s s e n t i a l ly  th a t  of the  fu e l  n e e d e d  to r e p l a c e  
i t ,  p lu s  a n  in i t i a l  a l lo w a n c e  to the  f a c to ry  to c o v e r  the c o s t  of c o n v e r t ­
ing  f r o m  b a g a s s e  a s  fu e l  to so m e  o th e r  type of fu e l .  By a g r e e m e n t  in  
L o u i s i a n a ,  one to n  of bone  d r y  b a g a s s e  f ib e r  is  c o n s id e re d  a s  th e  fue l
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e q u iv a le n t  of tw e lv e  m i l l io n  BTU in  fue l  o i l  o r  n a t u r a l  g a s .  U s in g  
a v e r a g e  v a lu e s  f o r  th e s e  fu e ls :  1 Ton B .D .  b a g a s s e  " f i b e r "  = 2 
b a r r e l s  (84 g a l s . ) fu e l  o il = 12 M C F  (1, 000 BTU) n a t u r a l  g a s .  T he  
t e r m  " f ib e r "  r e f e r s  to the  in so lu b le  p o r t io n  of th e  b a g a s s e  an d  r e p r e ­
s e n t s  a b o u t  45% by w e ig h t  of the  m i l l  r u n  b a g a s s e .
In a d d i t io n ,  the  s u g a r  f a c to ry  r e c e i v e s  a s  a  b o n u s ,  $0 . 50 p e r  
ton  of B . D. f ib e r  so ld .  T hus , w ith  n a tu r a l  gas  a t  $0 . 20 p e r  1000 cu . 
f t .  of 1000 BTU  g a s ,  one ton of B .D .  b a g a s s e  " f ib e r "  is  w o r th  $2. 90.
B a g a s s e  is  a  bulky p e r i s h a b le  m a t e r i a l .  I t s  p r e s e r v a t i o n  an d  
s to r a g e  f o r  e x te n d e d  p e r io d s  r e q u i r e s  a  h e a v y  in v e s tm e n t  w h ic h  c a n  
only be ju s t i f i e d  w h e r e  the am o u n t of f ib e r  a v a i la b le  a n n u a l ly  i s  q u i te  
l a r g e ;  15, 000 to n s  o r  m o r e .  A r e c e n t ly  c o n s t r u c t e d  b a l in g  s ta t io n ,  
c a p a b le  of h a n d l in g  400 tons  of B .D .  f ib e r  p e r  day  c o s t  $300 , 000. Such  
a  s ta t io n  in c lu d e s  th e  n e c e s s a r y  s y s te m  of c o n v e y o rs  f o r  m o v in g  b a g a s s e  
in to  an d  a ro u n d  the  p la n t ,  a t  l e a s t  fou r  s e m i - a u t o m a t i c  b a l in g  m a c h i n e s ,  
an d  the  s t r u c t u r e  to h o u se  th e m , p lu s  a  f ie ld  s to r a g e  a r e a  of a b o u t  20 
a r e a s .  T h e s e  a r e a s  m u s t  be g ra d e d ,  d r a in e d  a n d  p r o v id e d  w ith  r o a d s  
o r  r a i l r o a d s  f o r  m ov ing  the  b a g a s s e  in to  an d  ou t of the  a r e a .  A 30 ton  
c a p a c i ty  C r a w l e r  ty p e  c r a n e  i s  u s e d  to f o r m  and  r e m o v e  the  s ta c k s  of 
b a g a s s e  w h ic h  a r e  ab o u t  100 f e e t  long by 60 f e e t  w id e  by 25 f e e t  h ig h  
and  w h ich  c o n ta in  ab o u t  12, 000 b a le s  e a c h .  T h e s e  s ta c k s  m u s t  be 
c o v e r e d  w ith  a  h eav y  g a lv a n iz e d  i r o n  ro o f in g  to k e e p  ou t r a in .
T he  b a l in g  o p e ra t io n ,  though  h igh ly  m e c h a n iz e d ,  i s  c o s t ly  in
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m a n p o w e r  and  m o n ey .  On th e  a v e r a g e ,  a b o u t  1. 07 m a n  h o u rs  of la b o r  
a r e  r e q u i r e d  to  b a le  a n d  s t a c k  1 ton of m i l l  r u n  b a g a s s e  o r  0 .4 5  tons 
of B .D .  " f ib e r "  f ro m  L o u i s i a n a  s u g a r  c a n e .  T he  m a t e r i a l  m u s t  be 
c a r e fu l ly  p la c e d  in  the  s ta c k s  to  i n s u r e  v e n t i la t io n  an d  r e m o v a l  of the 
h e a t  o f  fe rm e n ta t io n .  B o r a x  i s  u s e d  a r o u n d  the  o u ts id e  edges  of the 
s ta c k e d  m a t e r i a l  a s  a  fu n g ic id e .
The b a g a s s e  d r i e s  o u t  in  s to r a g e  to  ab o u t  25% m o i s t u r e  by 
w eigh t.  To re m o v e  th is  m a t e r i a l  f r o m  s to r a g e  and  lo a d  i t  in to  t r u c k s  
o r r a i l r o a d  c a r s  r e q u i r e s  0. 36 m a n  h o u r s  p e r  to n  of B . D. f i b e r .  R a i l  
f r e ig h t  c o s ts  in  L o u is ia n a  a r e  ab o u t  $0 . 035 p e r  to n  m i l e  w ith  th e  a v e r a g e  
haul of abou t 60 m i l e s .  S in ce  the  o r ig i n a l  b a g a s s e  h a s  d r ie d  o u t  in  
s to r a g e  the  c o s t  p e r  to n  of b o n e  d ry  f ib e r  i s  r e d u c e d  by  the  w e ig h t  of 
w a te r  lo s t .
S to re d  b a g a s s e  i s  r a t h e r  e a s i ly  f i r e d  and  i t  is  e x t r e m e ly  d i f f i ­
cu lt  to  e x t in g u ish  a f i r e  o nce  s t a r t e d .  F o r  th i s  r e a s o n  a  s y s t e m  of 
f i r e  m a in s  and h y d ra n ts  is  p r o v id e d  f o r  f ie ld  s to r a g e  a r e a s  and  the  
in v e n to ry  is  u s u a l ly  i n s u r e d  a g a i n s t  d a m a g e  f r o m  f i r e  a n d  w in d s to rm .
F ie ld  an d  m il l  l o s s e s  in  h a n d l in g  b a g a s s e  a m o u n t  to ab o u t  25% 
of the d r y  w e ig h t of th e  f ib e r  p u r c h a s e d .  S om e 10% by w e ig h t  i s  l o s t  
by d a m a g e  in  s to r a g e  a n d  h a n d l in g .  L o s s e s  a t  th e  m i l l  in  d i r t  a n d  p i th  
w a sh e d  ou t of th e  b a g a s s e  w i l l  a m o u n t  to  a n  a d d i t io n a l  15% by w e ig h t  
of the o r ig in a l  d ry  f ib e r .  M u c h  of th is  l o s s  co u ld  be e l im in a te d  by 
d ep ith in g  b e fo re  s to r a g e  a t  th e  s u g a r  f a c to r y .
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T h e  to ta l  c o s t  of b a g a s s e  d e l iv e r e d  a t  the pulp  o r  b o a r d  m i l l  
u n d e r  L o u is ia n a  c o n d i t io n s  w il l  b e  a b o u t  a s  fo llow s:
1 Ton B .D .  " F i b e r "
P u r c h a s e  P r i c e  $ 2. 90
B a l in g  & S tack in g  2. 48
U n s ta c k  and  L oad in g  0. 88
M a in te n a n c e ,  B a lin g  S ta t io n  0. 21
D e p r e c ia t io n ,  B a lin g  S ta t io n  0. 60
I n t e r e s t  & in s u r a n c e  0. 31
F r e i g h t  C o s ts  3. 33
T o ta l  c o s t  a t  p u lp  m i l l  — $10. 71
W ith  the l o s s  of 25% of th e  w e ig h t  of the " f ib e r "  o r ig in a l ly  p u r ­
c h a s e d  i t  c a n  be s e e n  th a t  the " f ib e r "  a c tu a l ly  e n te r in g  the  p r o d u c t  
m u s t  c o s t  e v e n  m o r e  th a n  the f ig u r e  c i te d  above o r  $13. 39 p e r  ton. 
E l im in a t io n  of d i r t  and  p i th  a t  th e  s u g a r  f a c to ry  cou ld  e f fe c t  a  s a v in g s  
of s e v e r a l  d o l l a r s  p e r  to n  of " f i b e r "  p u r c h a s e d .
In o r d e r  to  a r r i v e  a t  th e  s a v in g s  w h ich  c a n  be r e a l i z e d  th ro u g h  
d e p ith in g  p r i o r  to s to r a g e  the fo llo w in g  a s s u m p t io n s  h av e  b e e n  m a d e .  
F i r s t ,  i t  i s  a s s u m e d  th a t  d e p ith in g  r e m o v e s  20% by w e ig h t  of the  bone  
d r y  m a t e r i a l  c h a r g e d .  S econd , i t  i s  a s s u m e d  th a t  d ep ith in g  p r i o r  to 
s to r a g e  w i l l  r e d u c e  f ie ld  and  p r o c e s s i n g  l o s s e s  to  5% of the bone d ry  
w e ig h t  of th e  b a g a s s e  p u r c h a s e d  an d  s to r e d .  T h is  c o m p a r e s  to  25% f o r  
b a g a s s e  w h ic h  is  n o t  d ep ith ed  p r i o r  to p u r c h a s e  and s to r a g e .  T h ird ,  
i t  i s  a s s u m e d  th a t  th e  a c tu a l  w e ig h t  y i e ld  of pulp  f ro m  one ton  of m i l l
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r u n  b a g a s s e  a f t e r  20% d e p ith in g  w ill  be id e n t ic a l  w ith  t h a t  f r o m  th e  
s a m e  w e ig h t  of m i l l  r u n  b a g a s s e  w h ich  has  n o t  b e e n  d e p i th e d .
T A B L E  III
C O M PA R A T IV E  COSTS OF BAGASSE 
D E L IV E R E D  TO P U L P  M IL L
C o s t  P e r  Ton B .D .  M a t e r i a l  
I te m  M ill R un  F i b e r  D e p i th e d  F i b e r
P u r c h a s e  P r i c e $ 2 ,9 0 0 $2. 320
B a le  an d  S ta c k 2 .4 8 0 1 .9 8 0
U n s ta c k  an d  lo a d 0 .8 7 6 0. 701
M a in te n a n c e 0 .2 1 3 0. 266
D e p r e c ia t io n 0 .6 0 0 0. 750
I n t e r e s t  an d  in s u r a n c e  on s to r e d  b a g a s s e 0. 308 0. 251
F r e i g h t  to  pulp  m i l l 3. 330 2. 664
D ep ith in g  c o s ts - 0 .4 9 0
T O T A L $ 1 0 .7 0 7 $ 9 ,4 2 2
T a b le  III , show s the c o m p a r a t iv e  c o s t  of b a g a s s e  d e l iv e r e d  
th ro u g h  to  the  p u lp  m i l l .  T h is  c o m p a r i s o n  is  b e tw e e n  o r d in a r y  m i l l  
r u n  b a g a s s e  a n d  b a g a s s e  w h ich  h a s  b e e n  d ep ith ed . A l l  c o s t s  a r e  on 
the  b a s i s  of one to n  of th e  bone d ry  m a t e r i a l .  S av ings  a r e  e f f e c te d  in  
the  p u r c h a s e  p r i c e ,  the  c o s t  of b a l in g  and s ta c k in g ,  th e  c o s t  of un~ 
s ta c k in g  and  lo a d in g  the  b a g a s s e  and  in  i n t e r e s t  an d  i n s u r a n c e  c h a r g e s .  
T h e r e  w i l l  be  a  s u b s ta n t ia l  r e d u c t io n ,  too, in  the  c o s t  of f r e i g h t  b e c a u s e  
of the  20% l e s s  w e ig h t  of m a t e r i a l  w h ich  w ill h av e  to b e  h a u le d  f r o m  the
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s u g a r  f a c to ry  to the  pu lp  m i l l .  M a in te n a n c e  and  d e p r e c ia t io n  c h a r g e s  
w i l l  i n c r e a s e  b e c a u s e  of the  s m a l l e r  to n n a g e s  of f ib e r  h a n d le d  f r o m  a 
g iv e n  f a c to r y  an d  the c o s t  of d e p i th in g  w il l  be a d d i t io n a l .  This s u m ­
m a r y  show s th a t  the  c o s t  of a  ton  of bone d ry  m i l l  r u n  b a g a s s e  d e l iv e r e d  
to the  pu lp  m i l l  w ould  be $10. 707 c o m p a r e d  to $ 9 .4 2  f o r  the  d ep ith ed  
m a t e r i a l .
D a ta  f r o m  s e v e r a l  s o u r c e s  in d ic a te  th a t  y ie ld s  of h ig h  g ra d e  
b le a c h e d  pu lp  f r o m  b a g a s s e  a r e  of the  o r d e r  of 55% on th e  bone d ry  
w e ig h t  of the  c le a n  b a g a s s e  e n te r in g  the d i g e s t e r .  L o s s e s  f r o m  s u g a r  
m i l l  to d ig e s t e r  a r e  of th e  o r d e r  of 20% on th e  d r y  w e ig h t  of the o r ig in a l  
b a g a s s e  an d  w ould  be n i l  f o r  c le a n  d e p i th e d  b a g a s s e .  On th is  b a s i s ,  
t h e r e  w ould  be r e q u i r e d  2. 27 to n s  of bone d r y  f ib e r  w ith  o r d in a r y  m i l l  
r u n  b a g a s s e  and  1 .82  tons  of bone d r y  f ib e r  w ith  d e p i th e d  b a g a s s e  to 
p ro d u c e  the  s a m e  one ton of d r y  p u lp .  B a g a s s e  c o s ts  p e r  ton  of pu lp  
a r e  th u s :
I te m  B a g a s s e  C o s t / T o n  P u lp
M il l  r u n  b a g a s s e  $24 . 30
D ep ith ed  b a g a s s e  17. 15
S av ings  th ro u g h  d e p ith in g  $ 7. 15
The sa v in g s  of $7. 15 r e p r e s e n t  the  d i f f e r e n c e  in  the  c o s t  of 
r a w  m a t e r i a l  w h ich  w ould  be  r e q u i r e d  to p ro d u c e  th e  s a m e  quan ti ty  of 
d r y  pu lp  u s in g  m i l l  r u n  b a g a s s e  c o m p a r e d  to  c o s t  fo r  th e  a m o u n t  of
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d e p i th e d  b a g a s s e  r e q u i r e d  to  do th e  s a m e  jo b . The obv ious  sav in g s  
w ould  be in  the  e l im in a t io n  of th e  v e ry  s u b s ta n t i a l  l o s s  of m a t e r i a l  
b e c a u s e  of th e  p r e s e n c e  in  b a g a s s e  of s o i l ,  l e a v e s ,  an d  c o n s id e ra b le  
a m o u n ts  of p i th  w h ic h  a r e  l o s t  in  th e  p r e l i m i n a r y  and  f in a l  s c r e e n in g  
of th e  b a g a s s e  e i t h e r  b e f o re  o r  a f t e r  d ig e s t io n .
C H A PTER  II
E X P E R IM E N T A L
A . E v o lu t io n  of th e  P r o j e c t
In v iew  of the  p o s s ib l e  s a v in g s  w h ich  c o u ld  be e f fe c te d  by d e p ith  -  
ing  p r i o r  to  s to r a g e ,  a n d  a l s o  of the  p o s s ib le  r e d u c t io n  of f ib e r  d e ­
t e r i o r a t i o n  th ro u g h  d e p i th in g  d u r in g  s to r a g e ,  th e  C h e m ic a l  E n g in e e r in g  
D e p a r t m e n t  a t  L o u is ia n a  S ta te  U n iv e r s i ty  co n d u c ted  a n  e x p e r im e n ta l  
p r o g r a m  d e s ig n e d  to t e s t  the  e f fe c t  of u n p r o te c te d  s to r a g e  on the f ib e r  
p r o d u c t s  of the  H o rk e l  d e p i th in g  s y s te m .
T he b a g a s s e  w as  p r e p a r e d  a t  the  A udubon S u g a r  F a c to r y  a t  
L o u i s i a n a  S ta te  U n iv e r s i ty ,  c a r e  be ing  ta k e n  to o b ta in  a s  f a r  as p o s s i ­
b le  u n i f o r m i ty  of r a w  m a t e r i a l .  In  o r d e r  to d e t e r m in e  if  the  "w e t"  
d e p i th in g  w a s  m o r e  a d v a n ta g e o u s  th an  the  " d ry "  d ep ith in g  a s  r e g a r d  
r a w  m a t e r i a l  f o r  s to r a g e  an d  p u lp ,  s o m e  of the  b a g a s s e  w as dep ith ed  
" d r y " ,  s o m e  " w e t" .
U s in g  a  d ry in g  r o o m  w h ic h  w as  c o n s t r u c te d  in  the m i l l  r o o m  of 
th e  S u g a r  F a c t o r y ,  p a r t  of th e  d e p i th e d  f ib e r  w a s  a i r  d r ie d  to s e v e r a l  
m o i s t u r e  c o n te n t s .  S o m e  of th e  "w h o le"  b a g a s s e  w as  a l s o  d r ie d .
The m a t e r i a l  f r o m  the  d ep ith in g  and  d ry in g  o p e ra t io n  w as  then 
b a l e d  and  a r r a n g e d  s ta c k s  on th e  o u ts id e  of the  S u g ar  F a c to r y  and
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a d ja c e n t  to  the b u ild in g  w a l l .  T h e  b a le s  w e r e  c o v e r e d  w ith  a  p o l y ­
e th y le n e  s h e e t .
A t  p r e d e t e r m i n e d  in te r v a l s  of t im e  s o m e  of the b a l e s  w e r e  
r e m o v e d  f r o m  th e  s ta c k  an d  p u lp ed . The p u lp in g  co n d it io n s  w e r e  ta k e n  
f r o m  r e f e r e n c e  64 w h ich  a r e  fo r  a  s h o r t  t im e  K r a f t  cook .
T h e  s to r a g e  co n d it io n s  w e r e  c h o s e n  to g iv e  the m a x im u m  p o s s i ­
b le  d e t e r i o r a t i o n  of the f ib e r  due to the i n h e r e n t  q u a l i t i e s  of th e  m a t e r i a l  
i t s e l f .  If the  m a t e r i a l  i s  s to r e d  u n d e r  the  p r e s e n t  c o m m e r c i a l  p r a c t i c e  
d e t e r i o r a t i o n  w ou ld  be c o n s id e ra b ly  r e d u c e d .
B. D ry in g  E q u ip m e n t  a n d  P r o c e d u r e
1. E q u ip m e n t
T he  e q u ip m e n t  u s e d  c o n s is te d  of an  o p e n - to p  r o o m  8 '- 6 "  by 
11' an d  10* h igh . The b o t to m  of the  ro o m  h ad  p e r f o r a t e d  p la t e s  o v e r  
1 / 2 - in c h  h o le s  c o v e r in g  a  w ooden f lo o r  an d  b e lo w  th is  p e r f o r a t e d  
b o t to m  w as  lo c a te d  a s o l id  f lo o r .  This  f a l s e  b o t to m  a r r a n g e m e n t  
w as  e n c lo s e d  to f o r m  a  p r e s s u r e  c h a m b e r  b e lo w  th e  r o o m  i t s e l f .
A t  th e  c e n t e r  of th e  b o tto m  f lo o r in g  w as  p la c e d  th e  e x h a u s t  of 
a n  A m e r i c a n  b lo w e r ,  T y p e  E , d r iv e n  by a n  A l l i s - C h a l m e r s  f iv e  h o r s e ­
p o w e r ,  220 voir, t h r e e  p h a s e  m o to r .  T he b lo w e r  in ta k e  w as  c h a n n e le d  
th ro u g h  th e  w a ll  to the s u g a r  m i l l  shop. A t  the  p o in t  of e n t r a c e  of 
th e  b lo w e r  in ta k e  a d ja c e n t  to the  w a l l  a  2 in c h  tu b e  h e a t  e x c h a n g e r
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w as lo c a te d .  Low  p r e s s u r e  s t e a m  w a s  c h a n n e le d  th ro u g h  th e  in s id e  
of the  tu b es .
The e n t i r e  a r r a n g e m e n t  is  lo c a te d  in  the  n o r th e a s t  c o r n e r  of 
the m i l l  ro o m  of the A udubon S u g a r  F a c t o r y .  The b o t to m  of th e  d r y ­
ing r o o m  s ta n d s  abou t s e v e n  f e e t  above  the  m i l l  r o o m  f lo o r  l e v e l ,
(F ig .  1).
2. P r o c e d u r e
The m i l l  r u n  b a g a s s e  o r  f ib e r  f r o m  th e  H o rk e l  d e p i th e r  was 
lo a d e d  m a n u a l ly  to the  d ry in g  r o o m .  The b lo w e r  w as  o p e ra te d .  The 
in le t  and  o u tle t  s te a m  v a lv e s  w e r e  o p en ed .  In ta k e  a i r  w as  m a in ta in e d  
a t  180° F .  *
The m a t e r i a l  w a s  d r ie d  f o r  a b o u t  24 h o u r s  an d  th r e e  s a m p le s  
w e re  ta k e n  a t  ab o u t  4 f e e t  f r o m  the  top of the  ro o m . The d r y in g  was 
co n tin u ed  un til  th e s e  s a m p le s  g av e  a m o i s t u r e  c o n te n t  of 30-40% . T h e  
d ry in g  r o o m  w as  th en  u n lo a d e d  m a n u a l ly  and  the  b a g a s s e  d u m p e d  and 
m ix e d  w e l l  on th e  m i l l  r o o m  f lo o r .  F o u r  s a m p le s  w e r e  ta k e n  a t  r a n d o m  
and new  m o i s tu r e  d e te r m in a t io n s  w e r e  m a d e .  The p a r t  of th e  b a g a s s e  
w hose  m o i s tu r e  c o n ten t  w as  w i th in  the  r e q u i r e d  s p e c i f ic a t io n s  w as  b a le d .
The s a m e  p r o c e d u r e  w a s  r e p e a t e d  f o r  both  w hole  b a g a s s e  and 
d ep ith ed  f ib e r  an d  the w a te r  c o n te n t  w a s  r e d u c e d  to l e s s  th an  20%.
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C. P r o c e d u r e  f o r  D ep ith ing
1. A p p a r a tu s
T h e  b a g a s s e  w a s  d e p i th e d  u s in g  the  H o rk e l  D ep ith in g  S y s te m  
w h ic h  is  i n s t a l l e d  a t  th e  A udubon S u g a r  F a c to r y .
T h e  H o rk e l  D ep ith in g  S y s te m  c o n s i s t s  of th r e e  m o d if ie d  h a m m e r  
m i l l s  w ith  r o t o r s  17" in  d i a m e t e r  a n d  22" long . T he u n its  a r e  o p e r ­
a te d  in  s e r i e s ,  w i th  th e  f ib e r  d i s c h a r g e  of one m i l l  b e c o m in g  th e  fe e d  
of the  n e x t .  F u r t h e r  d e ta i l s  of the  H o rk e l  D ep ith in g  S y s te m  a r e  show n 
in  F ig .  2.
D u r in g  th e  t im e  th e s e  e x p e r im e n t s  w e r e  c o n d u c te d  m i l l s  N o. 1 
a n d  2 w e r e  out of s e r v i c e .  T h e  d ep ith in g  w as  c o n d u c te d  w ith  M il l  No.
3 u s in g  a  3 /1 6  in c h  s c r e e n .
2. P r o c e d u r e
T h e  b a g a s s e  f r o m  m i l l in g  d ay  a t  the  A udubon S u g a r  F a c t o r y ,  
ro u g h ly  15 -20  to n s ,  w a s  s e t  a s id e  f o r  th e s e  e x p e r im e n t s .  A b o u t a  
t h i r d  w as  d e p i th e d  " d r y " ,  th a t  i s  u s in g  no w a te r  a t  the  m i l l s .  A n o th e r  
t h i r d  w as d e p i th e d  " w e t" .  C a r e  w a s  ta k e n  to  t r y  to a p p r o x im a te  the 
s a m e  a m o u n t  of w a te r  e a c h  t im e  the  b a g a s s e  w as  d e p ith e d  " w e t" .
T h e  f in a l  t h i r d  o f  the b a g a s s e  w as  b a le d  and  ta g g e d .  T h e  tag g ed  
r a w  b a g a s s e  b a le s  w e r e  then  s to r e d .
?
P a r t  of th e  d e p i th e d  f ib e r  w a s  s e n t  to th e  d ry in g  r o o m ,  the  r e s t  
w a s  b a le d ,  ta g g e d  and  s to r e d .
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T h is  p r o c e d u r e  w as  r e p e a t e d  u n t i l  t h e r e  w e r e  54 b a le s  in  the  
s ta c k .  T w o - th i rd s  of th e s e  b a le s  w e r e  of d e p i th e d  f ib e r .
D. P r o c e d u r e  f o r  S to ra g e
T h e  b a le s  of b a g a s s e  f ib e r  w e r e  s ta c k e d  o u ts id e  the  M il l  H ouse  
of the  A udubon  S u g a r  F a c t o r y ,  n e x t  to the  e a s t  w a l l .  The b a le s  w e r e  
s e p a r a t e d  in  t h r e e  s e c t io n s ;  the  o n es  d r i e d  to be low  20% m o i s t u r e  
c o n te n t ,  th e  ones  d r ie d  to 30-40%  m o i s t u r e  co n te n t ,  and  the  ones w h ich  
h a d  o v e r  50% m o i s t u r e .  T h e r e  w e r e  18 b a le s  in  e a c h  of the  g ro u p s .
S ix  of t h e s e  w e r e  of r a w  b a g a s s e ;  s ix  w e r e  of w e t  s e p a r a t e d  f ib e r ,  
an d  s ix  of d r y  s e p a r a t e d  f ib e r .  A  d i a g r a m  of the  s ta c k in g  s c h e m e  is  
show n in  F ig .  3. The f i r s t  l a y e r  th a t  w as  p la c e d  on the  c e m e n t  w as  a 
p r o t e c t iv e  l a y e r .  On top  of th a t  w a s  p la c e d  a  l a y e r  of r a w  b a g a s s e  
b a l e s .  A  s e p a r a t i o n  of a p p r o x im a te ly  6 in c h e s  w as  a l lo w ed  b e tw een  the  
b a l e s .  T h e  l a y e r  of d r y  s e p a r a t e d  f ib e r  w as  p la c e d  n e x t  on the s ta c k .  
The f in a l  l a y e r  w as  of w e t  s e p a r a t e d  f ib e r .  The s ta c k  w as  s u r r o u n d e d  
by p r o t e c t i v e  l a y e r s .  T h e  w hole  s ta c k  w as  th en  c o v e re d  w ith  a  b la c k  
p o ly e th y le n e  s h e e t .
E a c h  b a le  h ad  a  s m a l l  m e t a l  p la te  w ith  a  l e t t e r  and a  n u m b e r  on 
i t  f o r  id e n t i f i c a t io n .  T h e  d a te  on  w hich  the  b a le  w as  s ta c k e d  w as  
r e c o r d e d .
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E . P r o c e d u r e  f o r  P u lp in g
1. A p p a r a tu s
T he  d i g e s t e r  u s e d  fo r  the pu lp ing  s tu d ie s  w as  a  0. 5 cu . f t .  
tu m b lin g ,  j a c k e te d  s t a in l e s s  s t e e l  p r e s s u r e  d ig e s t e r ,  ( P la t e s  I a n d  II).
S te a m  a t  a b o u t  100 p s ig ,  w a s  in t ro d u c e d  th ro u g h  the  a x i s  of 
r o ta t io n  in to  the  j a c k e t  of the  d ig e s t e r .  T h is  su p p lied  th e  h e a t  n e c e s ­
s a r y  fo r  cook ing  the  b a g a s s e .  Two p r e s s u r e  g a u g e s ,  one  to in d ic a te  
the  s te a m  p r e s s u r e  and  the  o th e r  to in d ica te  the p r e s s u r e  in s id e  the  
j a c k e t ,  p lu s  a  s t e a m  t r a p  c o m p le te d  the s te a m  s y s te m .
The in n e r  c h a m b e r  had  an  opening on the  s ide  w h ich  p e r m i t t e d ,  
by c a r e f u l  m a n ip u la t io n ,  the  d i s p o s a l  of the  ho t cooking  l iq u o r .
The top  of the  d ig e s t e r  co n ta in e d  a  t e m p e r a t u r e  in d ic a to r  and  
a h o o k  by w h ic h  i t  cou ld  be l i f ted .
The b o t to m  of in n e r  c h a m b e r  had  a  s c r e e n  and a  d i s c h a r g e  v a lv e .
A 1 /2  H P  m o to r  su p p lie d  the  e n e rg y  fo r  the  tu m b lin g  of the  
d i g e s t e r .
2. P r o c e d u r e
T he b a le s  of b a g a s s e  th a t  w e r e  r e m o v e d  f ro m  th e  s to r a g e  s i t e  
w e r e  b ro k e n  up an d  the  m a t e r i a l  f r o m  the in s id e  of the b a le  w a s  s c r e e n e d  
b e tw e e n  2 m e s h  an d  6 m e s h .  T he m a t e r i a l  w as  w e ll  m ix e d ,  m o i s t u r e  
d e te r m in a t io n s  m a d e  and  2. 0 pounds  of bone d ry  f ib e r  w a s  p la c e d  in 
th e  d i g e s t e r .  The r e s t  of the  s c r e e n e d  f ib e r  w as  p la c e d  in  10" d i a m e t e r
47
m e t a l  c a n s  and  s t o r e d  in  a  r e f r i g e r a t o r .
T h r e e  id e n t ic a l  c o o k s  w e re  m a d e  f o r  e a c h  b a le .  The co o k s  u s e d  
k r a f t  c h e m ic a ls  a t  12% N a 2<I> of B .D .  f i b e r ,  (64). Cooking  t e m p e r a t u r e  
w a s  170° C . , w ith  a  t im e  to  t e m p e r a t u r e  of 60 m in u te s ,  a t im e  a t  
t e m p e r a t u r e  of 5 m in u te s .  L iq u id  to  f ib e r  r a t i o  w a s  5 to  1.
A f te r  the 2. 0 pounds of b a g a s s e  an d  th e  cook ing  so lu t io n  w e r e  
in  the  d ig e s t e r ,  i t  w a s  s e a l e d  and  tu m b le d  f o r  f iv e  m in u te s .  T he  cook  
w a s  then  s ta r t e d .
In  o r d e r  to  o b ta in  good  r e p r o d u c t ib i l i ty ,  the cooks  w e r e  m a d e  
to  fo llow  a  s ta n d a rd  in s id e  p r e s s u r e ,  v e r s u s  t im e  c u r v e ,  (F ig .  4).
T h is  w as  done by s e t t in g  th e  in s id e  p r e s s u r e  a f t e r  a  c e r t a i n  i n t e r v a l  
of t im e ,  (T ab le  IV).
T he  cooking w a s  done  in  an u p r ig h t  p o s i t io n  and  the  c h a r g e  w as  
b le d  fo r  non  c o n d e n s a b le s  a t  35 m in u te s  of e l a p s e d  t im e .
A f te r  the 5 m in u te s  a t  t e m p e r a t u r e  i n t e r v a l  the s te a m  w as  c u t  
off and  th e  c h a rg e  w a s  c o o le d  in  5 m in u te s  to  no p r e s s u r e  in  th e  s te a m  
c h e s t .  T he b leed  v a lv e  on th e  top of th e  d i g e s t e r  w as  opened .
T he ho t l iq u o r  w as  d r a in e d  th ro u g h  th e  s id e  opening  of the  d i g e s ­
t e r .  The c h a rg e  w a s  then  w a sh e d .
T he  d ig e s te r  w as  t u r n e d  u p s id e  dow n and  w a te r  w as  p u m p e d  th ro u g h  
th e  s id e  open ings  a n d  out th ro u g h  the  d i s c h a r g e  v a lv e .  A t  30 m in u te  
i n t e r v a l s ,  the  p r o c e d u r e  w a s  s to p p ed  an d  th e  d ig e s t e r  tu m b le d  fo r  5
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m in u te s .  A f te r  14 h o u r s  of s u c c e s s i v e  w a sh in g  and  tu m b lin g  th e  pu lp  
w as  d i s c h a r g e d  th ro u g h  th e  top  in to  a l a r g e  la u n d ry  bag .
T he  w e t  pu lp  w a s  p r e s s e d  u n t i l  a  c o m p a c t  m a s s  w as  ob ta in ed .
It  w as  th e n  w e ig h e d  an d  3 m o i s t u r e  d e te r m in a t io n s  m a d e .
The p u lp  w a s  th e n  s c r e e n e d  th ro u g h  a  0. 0100 in c h  p la te  and 
the y ie ld  w a s  a g a in  r e c o r d e d .
Two a n a ly s e s  w e r e  r u n  on th e  f ib e r  an d  on th e  pu lp . T he T app i 
S ta n d a rd  T 212 no  55 1% c o ld  NaOH t e s t  w as  done on  the f ib e r  and  the  
T a p p i  S ta n d a r d  T 214 no 50 , p e r m a n g a n a te  n u m b e r  w as  done on the 
pu lp .
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T A B L E  IV 
P U L P IN G  S C H E D U L E
P u lp in g  c o n d i t io n s :
a) 2. 0 lb s .  bone  d r y  f i b e r .
b) 115 g m s  (N a O H
c) 8000 cc H 2O.
d) T im e  to p r e s s  -  60 m in .  
T im e  a t  p r e s s  -  5 m in .
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T A B L E  V 
RAW BAGASSE P U L P IN G  R E SU LT S
Cook
No.
% M o is tu re
O r ig in a l
M a te r ia l*
C ru d e  Y ie ld ^  
%
S c r e e n e d
Y ie ld
%
P e r m a n g a n a t e
N u m b e r
N u m b e r
S to re d
A -0 53. 0 5 5 .5 5 0 .2 8. 1 0
A -18 15-20 5 5 .0 49 . 7 7 .0 1
A -1 6 15-20 53. 7 48. 0 6 .9 4
A -9 30-40 5 2 .9 4 7 .8 8 . 1 1
A -8 30-40 4 8 .9 43. 0 8 .9 4
A -7 30-40 47. 3 4 1 .9 9 .5 6
A - 4 45-55 51. 0 4 6 .9 8. 3 1
A - 1 4 5 -5 5 4 5 .5 41. 7 9 .9 4
A -2 4 5-55 44. 1 40 . 1 11 .2 6
1 P e r c e n t  M o is tu r e  p r i o r  to s to r a g e .
2 B a s is :  B .D .  raw  m a te r i a l .
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T A B LE VI
DRY D E P IT H E D  F IB E R  P U L P IN G  R ESU LTS
C ook
No.
% M o is tu r e  
O r ig in a l  
M a te r ia l^
2
C ru d e  Y ie ld  
%
S c r e e n e d  
Y ie ld  
• %
P e r m a n g a n a te
N u m b e r
N u m b e r
S to re d
B -0 4 9 .8 58. 1 54. 7 7. 7 0
B -9 15-20 5 7 .9 5 5 4 .4 7 .5 1
B -8 15-20 57. 1 53 . 7 7. 1 4
B -7 15-20 56. 5 53. 3 6 .8 6
B -1 5 30-40 5 5 .5 5 2 .0 7 .6 1
B -1 3 30-40 52. 3 47 . 3 7 .4 3
B -1 7 30-40 51. 3 4 4 .9 8. 1 5
B -4 4 5 -5 5 54. 7 51. 6 7. 1 1
B - l 4 5 -5 5 5 0 .9 4 6 .9 8 .0 3
B -6 4 6 -5 5 4 9 .2 4 2 .5 10. 2 6
* P e r c e n t  M o is tu r e  p r i o r  to  s to r a g e .
7 B a s is :  B .D . raw  m a te r i a l .
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TABLE VII
W E T D E P IT H E D  F IB E R  P U L P IN G  RESU LTS
Cook
No.
% M o is tu r e  
O r ig in a l  
M a te ria l* '
C ru d e  Y ie ld  ^  
%
S c re e n e d
Y ie ld
%
P e r m a n g a n a te
N u m b e r
M onths
S to re d
C -0 55. 0 6 0 .4 5 7 .5 6. 5 0.
C -9 15-20 5 9 .9 57. 3 6 .4 1
00IO 1 5 -20 59. 6 5 6 .5 5 .9 3
C -7 15-20 59. 1 5 6 .0 5. 3 5
C -1 6 30-40 58. 5 55. 7 5. 7 1
C -1 4 30-40 57. 0 5 4 .9 4 .9 2
C -1 3 3 0 -4 0 5 6 .9 5 3 .9 4 .9 4
C -3 4 5 -5 5 57. 5 5 5 .5 5 .0 1
C - l 4 5 -5 5 55. 6 53. 6 3 .4 2
C -6 4 5 -5 5 55. 1 5 2 .2 3. 7 5
* P e r c e n t  M o is tu r e  p r i o r  to  s to r a g e .
2 B a s is :  B .D .  ra w  m a te r i a l .
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T A B L E  VIII 
1% NaOH SO LU B ILITY  T E S T  R E SU LT S
M onths
S to re d
R aw  B a g a s s e  
% M o is tu re
D ry  D ep ith ed  F i b e r  W et D ep ith ed  
% M o is tu r e  F ib e r - % M o is tu r e
45% 30-40% 20% 45% 30-40%  20% 45% 30-40%  209
0 37. 7 37. 7 37. 7 32. 3 32. 3 32. 3 30. 1 30. 1 30. 1
1 49. 0 4 7 .2 39. 2 3 9 .0 37. 2 33. 1 35. 3 3 3 .0 30. 2
2 - - - - mm - 4 0 .5 3 9 .0 -
3 - - - 50. 1 40. 0 - - - 3 0 .2
4 78. 0 72. 0 40. 2 - - 37. 3 - 46 . 0 -
. 5 - - - - 54. 0 - 48 . 0 - 35. 0
6 83. 0 76. 0 - 60. 0 - 38. 0 - - -
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T A B LE IX
CO ST O F  S T O R E D  RAW BAGASSE
M o is tu re  p r i o r  to s to r a g e : 45-55%
C o s t  of B a g a s s e * /  
to n  B. D. pulpM onths  S to re d Y ie ld*
0 5 5 .5 1 9 .2 7
1 5 1 .0 2 0 .9 9
4 4 5 .5 23. 53
6 44. 1 2 4 .2 7
B. M o is tu r e  p r i o r  to  s to r a g e :  
M onths  S to re d
30-40%
Y ie ld *
C o s t  of B a g a s s e * * /  
to n  B . D. pulp
0 5 5 .5 19 .59
1 5 2 .9 20. 54
4 4 8 .9 2 2 .2 1
6 4 7 .3 2 2 .9 5
9
C. M o is tu r e  p r i o r  to  s to r a g e : 15-20%
C o s t  of B a g a s s e * * /  
ton  B . D. pulpM onths S to re d Y ie ld*
0 5 5 .5 19 .81
1 5 5 .0 20. 12
4 53. 7 2 0 .5 8
* B a s is :  Bone Dry M a te r ia l .
** Includes c o s t  of d ry ing  b a g a s s e .
T A B L E  X
CO ST O F  S T O R E D  DRY D E P IT H E D  F IB E R * *  
A . M o is tu r e  p r i o r  to s to r a g e :  45-55%
M onths  s to r e d Y ie ld*
C o s t  of B a g a s s e * /  
ton  B . D. pulp
0 58. 1 13. 39
1 54. 7 . 14 .30
3 5 0 .9 15. 37
6 4 9 .2 1 5 .9 0
B. M o is tu r e  p r i o r  to s to r a g e :  
M onths  s to r e d
30-40%
Y ield*
C o s t  of B a g a s s e * * * /  
to n  B. D. P u lp
0 50. 1 13. 69
1 5 5 .5 14. 39
3 52. 3 15 .2 7
5 51. 3 15 .5 5
C. M o is tu r e  p r i o r  to s to r a g e :  
M onths  s to r e d
15-20%
Y ie ld*
C o s t  of B a g a s s e * * * /  
ton  B . D. pulp
0 58. 1 1 4 .00
1 5 7 .9 14. 12
4 5 7 .1 14. 30
6 5 6 .5 1 4 .55
* B a s is :  Bone d ry  m a te r i a l .
** A s su m e s  a  20% lo s s  by w eight due to depithing.
❖❖❖Includes c o s t  of d ry ing  b a g a sse .
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TABLE XI
CO ST O F  STO R ED  W ET D E P IT H E D  F I B E R S  
A . M o is tu r e  p r i o r  to  s to r a g e :  45-55%
M onths  s to r e d Y ie ld*
C o s t  of B a g a s s e * /  
ton  B . D. pulp
0 6 0 .4 1 2 .9 5
1 5 7 .5 13. 64
2 55. 6 14. 07
5 55. 1 14. 13
B. M o is tu r e  p r i o r  to s to r a g e :  
M onths  s to r e d
30-40%
Y ield*
C o s t  of B a g a s s e * * *  
ton  B . D. pulp
0 6 0 .4 13. 22
1 58. 5 13. 74
2 57. 0 14. 04
4 5 6 .9 14. 12
C. M o is tu r e  p r i o r  to  s to r a g e : 15-20%
C o s t  of B a g a s s e * * *
M onths  s to r e d Y ie ld* to n  B . D. pulp
0 6 0 .4 13. 64
1 5 9 .9 13. 74
3 5 9 .6 13 .81
5 59. 1 1 3 .89
* B a s is :  Bone D ry  M a te r ia l
** A s su m e s  a 20% lo ss  by w eight due to dep ith ing .
❖❖❖Includes c o s t  of d ry ing  b a g a sse .
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T A BLE XII
SAVINGS IN CO ST O F  BAGASSE BY D E P IT H IN G  AND 
DRYING P R IO R  TO STO RA G E*
 D ep ith ed  D ry  D ep ith ed  W et
M onths  s to r e d A** B C A B C
0 5 .8 8 5 .9 0 6. 35 6. 32 6. 37 7. 00
2 7 .2 0 8. 10 5 .5 0 8. 10 8 .8 8 6 .2 5
4 7 .8 8 6 .81 6. 28 9 .4 1 8. 17 6. 72
6 8. 37 8 .4 0 6. 35 10. 15 8 .8 5 7 .0 0
* B a s i s :  C o s t  of w ho le  b a g a s s e  p e r  ton  B. D. pu lp .
** A: M o is tu r e  p r i o r  to  s to r a g e  -  45-55%
B: D r i e d  to 30-40%  m o i s t u r e  
C: D r ie d  to 20% m o i s t u r e
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DISCUSSION O F RESULTS
A . G e n e r a l
T he r e s u l t s  o b ta in e d  f r o m  the  p u lp in g  s tu d ie s  a r e  p r e s e n t e d  in  
T ab lesV , VI, VII an d  VIII an d  in  F ig .  5, 6 an d  7). T he  v a lu e s  p r e s e n t e d  
in  th e s e  d a ta  a r e  a v e r a g e  v a lu e s  r e p r e s e n t i n g  th r e e  id e n t i c a l  co o k s .
I t  w as  found th a t  m i l l  r u n  b a g a s s e  and  d r i e d  b a g a s s e  if  p u lp e d  w ith in  
24 h o u r s  g av e  y ie ld s  th a t  w e r e  w ith in  1% of e a c h  o th e r .  T h u s ,  in  F ig s .  
5, 6 an d  7 a l l  the  d a ta  a t  z e r o  s to r a g e  t im e  s t a r t  a t  th e  s a m e  p o in t .
I t  i s  e v id e n t  f r o m  th e  r e s u l t s  p r e s e n t e d  in  F i g s .  5, 6 an d  7 
th a t  s e v e r e  d e t e r i o r a t i o n  o c c u r s  in  a l l  s to r e d  w e t  b a le s  ( m o r e  th an  20% 
m o i s t u r e  by w eigh t) .  T he  r e m o v a l  of the  p i th  i n c r e a s e d  the  y ie ld  b a s e d  
on the  f ib e r .  T he l a r g e s t  i n c r e a s e  o c c u r r e d  in th e  w e t  d e p i th e d  f ib e r s .  
T he d e t e r i o r a t i o n  of the  f ib e r ,  a s  e v id e n c e d  by a  d e c r e a s e  in  y ie ld s ,  
w as  l e s s  fo r  the  d r y  s e p a r a t e d  f ib e r  th a n  th a t  of the  w ho le  b a g a s s e .
T he b e s t  r e s u l t s  w e r e  o b ta in e d  f o r  th e  w e t  d e p i th e d  f ib e r .  A t the  end  
of 6 m o n th s  of s to r a g e  t im e  the  lo s s  of y ie ld  f o r  the  m a t e r i a l  s to r e d  
w e t  (ab o u t  50% m o i s t u r e )  w as  11 .4%  f o r  th e  w hole  b a g a s s e ,  8. 9% fo r  the  
d ry  d e p i th e d  f ib e r  an d  4 . 3% f o r  th e  w e t  s e p a r a t e d  f i b e r .  The f a v o ra b le  
r e s u l t s  o b ta in e d  w ith  the  w e t  d e p i th e d  f ib e r  c a n  be  a t t r i b u t e d  to  the 
r e m o v a l  of th e  r e s i d u a l  s u c r o s e  in  the  w e t  d ep ith in g  o p e ra t io n .  This  
h a s  b e e n  c o n s id e r e d  a s  a s o u r c e  of c e l lu lo s e  a t ta c k .
D e te r io r a t i o n  of b a g a s s e  s to r e d  d ry  ( l e s s  th a n  25% m o i s tu r e )
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w as  found  to b e  v e ry  low . A t the  end  of 6 m o n th s  s to r a g e  t im e , th e  
lo s s  on  y ie ld  w as 2. 8% fo r  ra w  b a g a s s e ,  1. 6% fo r  th e  d ry  d e p ith e d  f ib e r  
an d  0. 4% fo r  th e  w e t d e p ith e d  f ib e r .
R e m o v a l of so m e  of th e  m o is tu r e ,  by d ry in g  to  30-40%  m o is tu r e  
im p ro v e d  the r e s u l t s .  A t th e  end  of 6 m o n th s  s to r a g e ,  the  lo s s  in  y ie ld s  
w as  8. 2% fo r  th e  ra w  b a g a s s e ,  7. 2% fo r  th e  d ry  s e p a ra te d  f ib e r  an d
3. 7% f o r  the w e t d e p ith e d  f ib e r .
I t  is  to  be  n o te d  a ls o  th a t  th e  r a t e  of d e te r io r a t io n  a s  d e te rm in e d  
by  the  s lo p e  of th e  c u rv e s  in  F ig s .  5 , 6 an d  7, s t a r t s  to  d e c r e a s e  a f te r  
ab o u t 3 m o n th s  s to r a g e  an d  in  the  c a s e  of w e t d e p ith e d  f ib e r  the  r a t e  of 
d e te r io r a t io n  te n d s  to  d e c r e a s e  to z e ro .  T h u s , th e  m o re  h o r iz o n ta l  
p o s it io n s  of c u rv e s  B and  C in  F ig .  7.
T he 1% co ld  N aO H  t e s t  is  c o n s id e re d  in  th e  W ood P u lp in g  In d u s try  
a s  an  in d ic a tio n  of how  m u c h  th e  ra w  m a te r ia l  h as  b e e n  a tta c k e d  by 
fu n g i, b a c te r ia ,  e tc .  T he c r i t e r i a  i s  c o n s id e re d  to be th a t  th e  g r e a te r  
th e  a t ta c k  on th e  c e l lu lo s e  f r a c t io n  the  g r e a te r  th e  a m o u n t of co ld  c a u s t ic  
th a t  w ill r e a c t  w ith  th e  m a te r ia l .  On th is  b a s is  the  in c r e a s e  in  th e  1% 
c o ld  N aO H  c o n su m p tio n , a t  the  end  of 6 m o n th s  s to r a g e  w as 41. 2 fo r  
ra w  b a g a s s e ,  27. 0 fo r  the  d ry  s e p a ra te d  f ib e r  and  18. 9 fo r  the w e t 
s e p a r a te d  f ib e r .  T h is  w as fo r  th e  w e t (m o re  th an  45% m o is tu r e )  s to r e d  
f ib e r .  F o r  d ry  s to r e d  f ib e r  th is  in c r e a s e  ra n g e d  f ro m  7 .2%  fo r  th e  ra w  
b a g a s s e  and  5. 0% fo r  the  d ry  s e p a ra te d  f ib e r  to 4. 0% fo r  th e  w et
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s e p a ra te d  f ib e r .  T he d e te r io r a t io n  of th e  b a g a s s e  f ib e r  i s  m u c h  g r e a t e r  
fo r  th e  ra w  b a g a s s e  in  th e  w e t s ta te ,  th a n  fo r  th e  d e p ith e d  f ib e r  in  the  
w e t s ta te .  D ry  f ib e r  ( le s s  th a n  20% m o is tu r e )  d e te r io r a te s  l i t t l e  w ith  
s to r a g e .
T he p e rm a n g a n a te  n u m b e r  is  an  in d ic a tio n  of the  a m o u n t of 
b le a c h  n e c e s s a r y  to  o b ta in  a  w h ite  p ro d u c t. T he g r e a te r  th e  a m o u n t 
of b le a c h  n e e d e d , th e  p o o r e r  th e  pu lp  is  c o n s id e re d  to  b e . A f te r  s ix  
m o n th s  s to r a g e ,  the  in c r e a s e  in  p e rm a n g a n a te  n u m b e r  of w e t b a g a s s e  
fo r  s a m p le s  w ith  45% m o is tu r e  p r io r  to  s to r a g e  w as 3. 0; 2. 3 fo r  the  
d ry  s e p a r a te d  f ib e r ;  and  a .d e c r e a s e  of 2. 8 fo r  the  w e t d e p ith e d  f ib e r .
T he p e rm a n g a n a te  n u m b e r  d e c r e a s e s  w ith  s to r a g e  t im e ,  fo r  the  m a te ­
r i a l  d r ie d  to  l e s s  th an  20% m o is tu r e  b e fo re  s to r a g e .  A n e x p la n a tio n  
of th is  t r e n d  m ay  be th a t  ag in g  of the  f ib e r  in c r e a s e s  th e  e a s e  of p u lp in g . 
A t s ix  m o n th s  s to r a g e ,  the  d e c r e a s e  in  p e rm a n g a n a te  n u m b e r  w as 
found  to  be  2 .2  fo r  ra w  b a g a s s e ,  1. 0 f o r  th e  d ry  d e p ith e d  f ib e r ,  and  
1 .4  fo r  th e  w e t d e p ith e d  f ib e r .
B . C o s t  of B a g a s s e
T he c o s t  of b a g a s s e  p e r  to n  of bone d ry  pu lp  i s  in c lu d e d  in  
T a b le s  IX , X , XI and  X II, an d  F ig .  8. A ssu m p tio n s  an d  c a lc u la t io n s  
le a d in g  to  th e s e  r e s u l t s  a r e  in c lu d e d  in  the  A p p en d ix .
C o s ts  ten d  to in c r e a s e  w ith  s to r a g e ,  due to  th e  d e c r e a s e  in  y ie ld .
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In  th e  c a s e  of w e t d ep ith e d  f ib e r ,  a s  is  e v id e n t f ro m  F ig . 8 , th e  c o s t  
of b a g a s s e  i s  e s s e n t ia l ly  c o n s ta n t a t  ab o u t $ 1 4 /fo r  B . D. p u lp , a f te r  
tw o m o n th s  s to r a g e .
C o s t d a ta  fo r  d e p ith e d  m a te r ia l  in c lu d e  d ep ith in g  c o s ts ,  an d  
c o s t  d a ta  fo r  d r ie d  m a te r ia l  in c lu d e  d ry in g  c o s ts .
T ab le  X II p r e s e n ts  th e  sa v in g s  th a t  c a n  be e f fe c te d  th ro u g h  
d e p ith in g  and  d ry in g  p r io r  to  s to r a g e .  T he sa v in g s  th a t  c a n  be e ffe c te d  
by ju s t  d e p ith in g  a r e  $ 5 .8 8  p e r  ton  of B .D . pu lp  fo r  d ry  d e p ith e d  f ib e r  
an d  $6 . 32 p e r  to n  of bone d ry  pu lp  fo r  w e t d e p ith e d  f ib e r .  A f te r  s ix  
m o n th s  s to r a g e ,  th e s e  sa v in g s  a r e  r e s p e c t iv e ly  $8 . 37 an d  $10. 15.
T h e se  sa v in g s  a r e  a  r e f le c t io n  of th e  im p ro v e m e n t in  th e  d u ra b il i ty  
of th e  d e p ith e d  f ib e r  v e r s u s  th e  w ho le  b a g a s s e  a f te r  s ix  m o n th s  s to r a g e .
In  th e  c a s e  of f ib e r  d r ie d  b ey o n d  20% m o is tu r e ,  s a v in g s  keep  
e s s e n t ia l ly  s te a d y  a t  $6 . 3 5 /to n  B .D . f ib e r  f o r  the  d ry  d e p ith e d  f ib e r ,  
and  $7 . 00 fo r  th e  w et d ep ith e d  f ib e r .  T h is  i s  a  r e f le c t io n  of th e  h ig h  
d e te r io r a t io n  w h ich  o c c u rs  w ith  f ib e r  d r ie d  to  b e low  th e  m o is tu r e  le v e l  
n e c e s s a r y  fo r  b a c te r ia l  a t ta c k  on th e  f ib e r .
CONCLUSIONS
R e m o v a l of s u b s ta n t ia l  p o r tio n s  of th e  p ith  f ro m  th e  m i l l  ru n  
b a g a s s e  m a te r ia l ly  im p ro v e s  r e s i s t a n c e  to  m ic r o b ia l  a t ta c k . C o m p le te  
p r e s e r v a t io n ,  h o w e v e r , c a n n o t be  e f fe c te d  u n le s s  th e  m a te r ia l  i s  d r ie d  
to  20% m o is tu r e  o r  l e s s .
R e m o v a l of p ith  and  w a te r  s o lu b le s  (w et d ep ith in g ) g av e  the  
b e s t  r e s u l t s  a s  r e g a r d  p u lp  y ie ld s  an d  r e s i s ta n c e  to d e c a y . W et d e p ith e d  
f ib e r  w h ich  w as s to r e d  w ith  m o r e  th a n  20% m o is tu r e  show ed  th e  lo w e s t  
d e c r e a s e  in  y ie ld s  an d  in c r e a s e  in  1% co ld  N aO H  and  P e rm a n g a n a te  
N u m b e r.
R em o v a l of p i th  (d ry  d ep ith in g ) a f fo rd e d  a  s u b s ta n t ia l  r e d u c tio n  
in  the lo s s  of y ie ld  a s  c o m p a re d  w ith  w ho le  b a g a s s e .
The r a te  of d e ca y  te n d s  to  r e a c h  a  m in im u m  a f te r  fo u r  m o n th s  
s to r a g e  t im e . T h is  is  p a r t i c u la r ly  e v id e n t fo r  the  f ib e r  s to r e d  w ith  
m o re  th a n  20% m o is tu r e .
The c o s t  of b a g a s s e  a s  a  ra w  m a t e r i a l  f o r  th e  p u lp  in d u s try  is
r e d u c e d  by d e p ith in g . T h is  c o s t ,  on  th e  b a s is  of one to n  of b one  d ry
f in is h e d  p u lp , in c r e a s e s  w ith  s to r a g e  t im e . F o r  w ho le  b a g a s s e  th e
in c r e a s e  is  q u ite  s h a rp ,  fo r  th e  d ry  d e p ith e d  f ib e r  the  in c r e a s e  is  l e s s .
T he c o s t  of th e  w e t d e p ith e d  f ib e r  in c r e a s e s  v e ry  l i t t l e  w ith  s to r a g e  t im e ,
and  th e  c a s e  of d e p ith e d  f ib e r  s to r e d  w ith  l e s s  th an  20% m o is tu r e ,  th e
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c o s t  is  th e  s a m e  a f te r  s ix  m o n th s  s to r a g e .
D ep ith in g  p r io r  to  s to r a g e ,  th e r e f o r e ,  n o t only im p ro v e s  the 
f i b e r 's  r e s i s ta n c e  to d ec a y  d u r in g  s to r a g e ,  b u t a ls o  im p ro v e s  the  
f in a n c ia l  p o s it io n  of th e  f ib e r  a s  a  ra w  m a te r ia l  fo r  th e  p ro d u c tio n  of 
p u lp  an d  p a p e r .
A P P E N D IX
A PPEN D IX
C o s t A n a ly s is
T he b a s ic  c o s t  d a ta  fo r  r a w  b a g a s s e  and  d e p ith e d  f ib e r  w e re  
ta k e n  f ro m  r e f e r e n c e  61; th e  a p p ro x im a te  c o s t  of d ry in g  b a g a s s e  w as 
ta k e n  f ro m  r e f e r e n c e  95.
A . C o s t p e r  ton  B .D . M a te r ia l
M ill ru n  b a g a s s e  $10 . 71*
D ep ith ed  f ib e r  9 .4 2 2 *
D r ie d  (30-40%  M o is tu re )  f ib e r  10. 97**
Raw  b a g a s s e  1 0 .97**
D ry  d e p ith e d  f ib e r  9. 94**
W et d e p ith e d  f ib e r  10. 10
D rie d  (20% M o is tu re )  f ib e r
Raw  b a g a s s e  1 1 .1 2
D ry  d e p ith e d  f ib e r  10. 23
W et d e p ith e d  f ib e r  10. 23
* D e ta ile d  c o s t  d a ta  on th e s e  i te m s  in  C h a p te r  1, p ag e  33 .
** T h e se  c o s ts  w e re  found  by ad d in g  d ry in g  c o s ts  to 
th e  i te m  in  *.
B . C o s t of d ry in g  b a g a s s e / to n  B .D . f ib e r  (9 5 ).
D r ie d  to 30-40%  m o is tu r e  
M ill ru n  b a g a s s e  
Dr.y s e p a r a te d  f ib e r  
W et s e p a ra te d  f ib e r
$ 0 .2 6  
0 . 16 
0. 32
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D rie d  to  20% m o is tu r e  
M ill ru n  b a g a s s e  
D ry  s e p a r a te d  f ib e r  
W et s e p a r a te d  f ib e r
$ 0 .4 1  
0 .4 5  
0. 55
C . C o s t of b a g a s s e  p e r  to n  of B . D. pulp
B a s ic  a s s u m p tio n : d e p ith in g  r e m o v e s  20% by w e ig h t of the  
m a te r ia l .
S a m p le  c a lc u la t io n s :
1 to n  B .D . w h o le  b a g a s s e  = 0. 555 to n s  B .D . p u lp .
1 .8 0  ton  B .D . w ho le  b a g a s s e  = 1 ton B .D . p u lp .
C o s t of b a g a s s e / to n  B . D . pu lp  = 1. 80 x  10. 71 = $19 . 29.
1 to n  B .D . f ib e r  = 0 .5 8 1  to n s  B .D . p u lp .
1 .7 2  to n  B .D . f ib e r  = 1 ton  B . D. p u lp .
1. 72 x  0. 80 B . D . f ib e r  = 1. 37 to n s  B . D . f ib e r / to n
B .D . p u lp .
C o s t  of b a g a s s e / to n  B . D. pu lp  = 1. 37 x  9. 42 = $1 3 . 39.
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